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AN APPARATUS FOR EXPANDING A TUBULAR MEMBER 
Background of the Invention 

This invention relates to an apparatus for expanding a tubular member. 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby a casing which is to be installed 
in a lower borehole interval is lowered through a previously installed casing of an 
upper borehole interval. As a consequence of this procedure the casing of the lower 
interval is of smaller diameter than the casing of the upper interval. Thus, the casings 
are in a nested arrangement with casing diameters decreasing in downward direction. 
Cement annuli are provided between the outer surfaces of the casings and the borehole 
wall to seal the casings from the borehole wall. As a consequence of this nested 
arrangement a relatively large borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased costs due to heavy casing 
handling equipment, large drill bits and increased volumes of drilling fluid and drill 
cuttings. Moreover, increased drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes due to large variations in 
hole diameters drilled in the course of the well, and the large volume of cuttings drilled 
and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed that 
typically includes a surface casing, a number of production and/or drilling spools, 
valving, and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

The present invention is directed to overcoming one or more of the limitations 
of the existing procedures for forming wellbores and wellheads. 
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Summary of the Invention 
According to the present invention, there is provided an apparatus for 
expanding a tubular member, comprising: 

a support member including a fluid passage; 

a mandrel movably coupled to the support member including an expansion 

cone; 

at least one first pressure chamber defined by and positioned between the 
support member and mandrel fluidicly coupled to the first fluid passage; 

one or more releasable supports coupled to the support member adapted to 
support the tubular member; and 

at least one second pressure chamber coupled to the releasable supports and 
fluidicly coupled to the first fluid passage. 

Preferably, the fluid passage includes a throat passage having a reduced inner 
diameter. 

Preferably, the mandrel includes one or more annular pistons. 
Preferably, the at least one first pressure chamber includes a plurality of first 
pressure chambers. 

Preferably, the first pressure chambers are at least partially defined by annular 
pistons. 

Preferably, the releasable supports are positioned below the mandrel. 
Preferably, the releasable supports are positioned above the mandrel. 
Preferably, the releasable supports comprise hydraulic slips. 
Preferably, the releasable supports comprise mechanical slips. 
Preferably, the releasable supports comprise drag blocks. 
Preferably, the mandrel includes: 
one or more annular pistons; and 
an expansion cone coupled to the annular pistons. 
Preferably, one or more of the annular pistons include an expansion cone. 
Preferably, the pressure chambers comprise annular pressure chambers. 
Preferably, at least one second pressure chamber includes a plurality of second 
pressure chambers. 
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Preferably, the second pressure chambers are at least partially defined by 
annular pistons. 

Brief Description of the Drawings 
5 For a better understanding of the present invention, and to show how it may be 

carried into effect, reference will now be made, by way of example, to the 
accompanying drawings in which: 

FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 
section of a well borehole. 

10 FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 

apparatus for creating a casing within the new section of the well borehole. 

FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a first 
quantity of a fluidic material into the new section of the well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection of 
15 a first quantity of a hardenable fluidic sealing material into the new section of the well 
borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a fluidic material into the new section of the well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of a 
20 portion of the cured hardenable fluidic sealing material from the new section of the 
well borehole. 

FIG. 6 is a cross-sectional view of the overlapping joint between adjacent 
tubular members. 

FIG. 7 is a fragmentary cross-sectional view of the apparatus for creating a 
25 casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of an apparatus for forming a casing 
including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 1 Ob is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior of the 
tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular member 
10 off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before drilling out 
the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner created 
using an expandible tubular member. 

15 FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of an 
apparatus for hanging a tubular liner within the new section of the well borehole. 
FIG. 1 1c is a fragmentary cross-sectional view illustrating the injection of a 
20 first quantity of a hardenable fluidic sealing material into the new section of the well 
borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction of a 
wiper dart into the new section of the well borehole. 

FIG. 1 le is a fragmentary cross-sectional view illustrating the injection of a 
25 second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 If is a fragmentary cross-sectional view illustrating the completion of the 
tubular liner. 

FIG. 12 is a cross-sectional illustration of a wellhead system utilizing 
30 expandable tubular members. 

FIG. 13 is a partial cross-sectional illustration of the wellhead system of FIG. 

12. 
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FIG. 14a is an illustration of the formation of a mono-diameter wellbore casing. 
FIG. 14b is another illustration of the formation of the mono-diameter wellbore 

casing. 

FIG. 14c is another illustration of the formation of the mono-diameter wellbore 

5 casing. 

FIG. 14d is another illustration of the formation of the mono-diameter wellbore 

casing. 

FIG. 14e is another illustration of the formation of the mono-diameter wellbore 

casing. 

10 FIG. 14f is another illustration of the formation of the mono-diameter wellbore 

casing. 

FIG. 1 5 is an illustration of an apparatus for expanding a tubular member. 
FIG. 15a is another illustration of the apparatus of FIG. 15. 
FIG. 1 5b is another illustration of the apparatus of FIG. 1 5. 
FIG. 16 is an illustration of an apparatus for forming a mono-diameter wellbore 

casing. 

FIG. 17 is an illustration of an apparatus for expanding a tubular member. 
FIG. 17a is another illustration of the apparatus of FIG. 16. 
FIG. 17b is another illustration of the apparatus of FIG. 16. 
FIG. 18 is an illustration of an apparatus for forming a mono-diameter wellbore 

casing. 

FIG. 19 is an illustration of an apparatus for expanding a tubular member. 

FIG. 1 9a is another illustration of the apparatus of FIG. 1 7. 

FIG. 19b is another illustration of the apparatus of FIG. 17. 

FIG. 20 is an illustration of an apparatus for forming a mono-diameter wellbore 
casing. 

FIG. 21 is an illustration of the isolation of subterranean zones using 
expandable tubulars. 

Detailed Description of the Illustrative Embodiments 
30 Referring initially to Figs. 1-5, an apparatus and method for forming a wellbore 

casing within a subterranean formation will now be described. As illustrated in Fig. I, 
a wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 
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includes an existing cased section 1 10 having a tubular casing 1 1 5 and an annular 
outer layer of cement 1 20. 

In order to extend the wellbore 100 into the subterranean formation 105, a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
5 formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in a 
subterranean formation is then positioned in the new section 130 of the wellbore 100. 
The apparatus 200 preferably includes an expandable mandrel or pig 205, a tubular 
member 2 10, a shoe 21 5, a lower cup seal 220, an upper cup seal 225, a fluid passage 

10 230, a fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 
The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 

15 with the teachings of the present disclosure. The expandable mandrel 205 comprises a 
hydraulic expansion tool as disclosed in U.S. Patent No. 5,348,095, the contents of 
which are incorporated herein by reference, modified in accordance with the teachings 
of the present disclosure. 

The tubular member 2 1 0 is supported by the expandable mandrel 205. The 

20 tubular member 2 1 0 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 1 3 chromium steel tubing/casing, or plastic 
tubing/casing. The tubular member 210 is fabricated from OCTG in order to 

25 maximize strength after expansion. The inner and outer diameters of the tubular 

member 210 may range, for example, from approximately 0.75 to 47 inches and 1 .05 
to 48 inches, respectively. The inner and outer diameters of the tubular member 2 1 0 
range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to 
optimally provide minimal telescoping effect in the most commonly drilled wellbore 

30 sizes. The tubular member 210 preferably comprises a solid member. 

The end portion 260 of the tubular member 210 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 205 when it completes the 
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extrusion of tubular member 2 10. The length of the tubular member 2 10 is limited to 
minimize the possibility of buckling. For typical tubular member 2 1 0 materials, the 
length of the tubular member 2 10 is preferably limited to between about 40 to 20,000 
feet in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular member 
210. The shoe 2 15 includes fluid passage 240. The shoe 215 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal 
II float shoe, Super Seal II Down- Jet float shoe or a guide shoe with a sealing sleeve 
for a latch down plug modified in accordance with the teachings of the present 
disclosure. The shoe 215 comprises an aluminum down-jet guide shoe with a sealing 
sleeve for a latch-down plug available from Halliburton Energy Services in Dallas, 
TX, modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 2 10 in the wellbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overlapping joint 
between the tubular members, and to optimally allow the complete drill out of the shoe 
and plug after the completion of the cementing and expansion operations. 

The shoe 2 1 5 includes one or more through and side outlet ports in fluidic 
communication with the fluid passage 240. In this manner, the shoe 215 optimally 
injects hardenable fluidic sealing material into the region outside the shoe 215 and 
tubular member 210. The shoe 215 includes the fluid passage 240 having an inlet 
geometry that can receive a dart and/or a ball sealing member. In this manner, the 
fluid passage 240 can be optimally sealed off by introducing a plug, dart and/or ball 
sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support member 250. 
The lower cup seal 220 prevents foreign materials from entering the interior region of 
the tubular member 210 adjacent to the expandable mandrel 205. The lower cup seal 
220 may comprise any number of conventional commercially available cup seals such 
as, for example, TP cups, or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. The lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign material and contain a body of lubricant. 
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The upper cup seal 225 is coupled to and supported by the support member 250. 
The upper cup seal 225 prevents foreign materials from entering the interior region of 
the tubular member 210. The upper cup seal 225 may comprise any number of 
conventional commercially available cup seals such as, for example, TP cups or SIP 
5 cups modified in accordance with the teachings of the present disclosure. The upper 
cup seal 225 comprises a SIP cup, available from Halliburton Energy Services in 
Dallas, TX in order to optimally block the entry of foreign materials and contain a 
body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and from 
10 the interior region of the tubular member 210 below the expandable mandrel 205. The 
fluid passage 230 is coupled to and positioned within the support member 250 and the 
expandable mandrel 205. The fluid passage 230 preferably extends from a position 
adjacent to the surface to the bottom of the expandable mandrel 205. The fluid 
passage 230 is preferably positioned along a centerline of the apparatus 200. 
1 5 The fluid passage 230 is preferably selected, in the casing running mode of 

operation, to transport materials such as drilling mud or formation fluids at flow rates 
and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to minimize drag on the tubular member being run and to minimize surge pressures 
exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
20 collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the new 
section 130 of the wellbore 100, fluidic materials 255 forced up the fluid passage 230 
can be released into the wellbore 100 above the tubular member 210 thereby 

25 minimizing surge pressures on the wellbore section 130. The fluid passage 235 is 

coupled to and positioned within the support member 250. The fluid passage is further 
fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. The control valve is pressure activated in 

30 order to controllably minimize surge pressures. The fluid passage 235 is preferably 
positioned substantially orthogonal to the centerline of the apparatus 200. 
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The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
order to reduce the drag on the apparatus 200 during insertion into the new section 130 
of the wellbore 100 and to minimize surge pressures on the new wellbore section 130. 
5 The fluid passage 240 permits fluidic materials to be transported to and from 

the region exterior to the tubular member 210 and shoe 215. The fluid passage 240 is 
coupled to and positioned within the shoe 215 in fluidic communication with the 
interior region of the tubular member 210 below the expandable mandrel 205. The 
fluid passage 240 preferably has a cross-sectional shape that permits a plug, or other 

10 similar device, to be placed in fluid passage 240 to thereby block further passage of 
fluidic materials. In this manner, the interior region of the tubular member 210 below 
the expandable mandrel 205 can be fluidicly isolated from the region exterior to the 
tubular member 210. This permits the interior region of the tubular member 210 below 
the expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 

1 5 positioned substantially along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 210 and the new section 130 of the wellbore 100 with 

20 fluidic materials. The fluid passage 240 includes an inlet geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be sealed 
off by introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the tubular 
member 210. The seals 245 are further positioned on an outer surface 265 of the end 

25 portion 260 of the tubular member 210. The seals 245 permit the overlapping joint 
between the end portion 270 of the casing 115 and the portion 260 of the tubular 
member 2 1 0 to be fluidicly sealed. The seals 245 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber, Teflon, 
or epoxy seals modified in accordance with the teachings of the present disclosure. 

30 The seals 245 are molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a load bearing interference fit 
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between the end 260 of the tubular member 210 and the end 270 of the existing casing 
115. 

The seals 245 are selected to optimally provide a sufficient frictional force to 
support the expanded tubular member 210 from the existing casing 1 15. The frictional 
5 force optimally provided by the seals 245 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular member 2 1 0. 

The support member 250 is coupled to the expandable mandrel 205, tubular 
member 210, shoe 215, and seals 220 and 225. The support member 250 preferably 
comprises an annular member having sufficient strength to carry the apparatus 200 into 
10 the new section 130 of the wellbore 100. The support member 250 further includes 
one or more conventional centralizers (not illustrated) to help stabilize the apparatus 
200. 

A quantity of lubricant 275 is provided in the annular region above the 
expandable mandrel 205 within the interior of the tubular member 210. In this 

1 5 manner, the extrusion of the tubular member 2 1 0 off of the expandable mandrel 205 is 
facilitated. The lubricant 275 may comprise any number of conventional 
commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants or Climax 1500 Antisieze (3100). The lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 

20 Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

The support member 250 is thoroughly cleaned prior to assembly to the 
remaining portions of the apparatus 200. In this manner, the introduction of foreign 
material into the apparatus 200 is minimized. This minimizes the possibility of foreign 

25 material clogging the various flow passages and valves of the apparatus 200. 

Before or after positioning the apparatus 200 within the new section 130 of the 
wellbore 100, a couple of wellbore volumes are circulated in order to ensure that no 
foreign materials are located within the wellbore 100 that might clog up the various 
flow passages and valves of the apparatus 200 and to ensure that no foreign material 

30 interferes with the expansion process. 

As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
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passage 230. The material 305 then passes from the fluid passage 230 into the interior 
region 310 of the tubular member 210 below the expandable mandrel 205. The 
material 305 then passes from the interior region 310 into the fluid passage 240. The 
material 305 then exits the apparatus 200 and fills the annular region 3 1 5 between the 
exterior of the tubular member 210 and the interior wall of the new section 130 of the 
wellbore 100. Continued pumping of the material 305 causes the material 305 to fill 
up at least a portion of the annular region 3 1 5. 

The material 305 is preferably pumped into the annular region 3 15 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
fiinction of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum 
flow rate and operating pressure are preferably determined using conventional 
empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. The hardenable fluidic sealing material 305 
comprises a blended cement prepared specifically for the particular well section being 
drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics 
so as to minimize difficulties during the displacement of cement in the annular region 
315. The optimum blend of the blended cement is preferably determined using 
conventional empirical methods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 315 of the new section 130 of the wellbore 100 will be filled with material 305. 

As illustrated in Fig. 3a, the wall thickness and/or the outer diameter of the 
tubular member 210 is reduced in the region adjacent to the mandrel 205 in order 
optimally permit placement of the apparatus 200 in positions in the wellbore with tight 
clearances. Furthermore, in this manner, the initiation of the radial expansion of the 
tubular member 210 during the extrusion process is optimally facilitated. 

-11- 
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As illustrated in Fig. 4, once the annular region 315 has been adequately filled 
with material 305, a plug 405, or other similar device, is introduced into the fluid 
passage 240 thereby fluidicly isolating the interior region 310 from the annular region 
315. A non-hardenable fluidic material 306 is then pumped into the interior region 310 
5 causing the interior region to pressurize. In this manner, the interior of the expanded 
tubular member 210 will not contain significant amounts of cured material 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the material 305 
may be used during this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 

10 member 210 is extruded off of the expandable mandrel 205. During the extrusion 

process, the expandable mandrel 205 may be raised out of the expanded portion of the 
tubular member 210. During the extrusion process, the mandrel 205 is raised at 
approximately the same rate as the tubular member 210 is expanded in order to keep 
the tubular member 2 1 0 stationary relative to the new wellbore section 1 30. The 

1 5 extrusion process is commenced with the tubular member 2 1 0 positioned above the 
bottom of the new wellbore section 130, keeping the mandrel 205 stationary, and 
allowing the tubular member 210 to extrude off of the mandrel 205 and fall down the 
new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing the 

20 plug 405 into the fluid passage 230 at a surface location in a conventional manner. 
The plug 405 preferably acts to fluidicly isolate the hardenable fluidic sealing material 
305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example, Multiple Stage 

25 Cementer (MSC) latch-down plug, Omega latch-down plug or three-wiper latch-down 
plug modified in accordance with the teachings of the present disclosure. The plug 
405 comprises a MSC latch-down plug available from Halliburton Energy Services in 
Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
30 fluidic material 306 is preferably pumped into the interior region 3 10 at pressures and 
flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 to 4,000 
gallons/min. In this manner, the amount of hardenable fluidic sealing material within 
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the interior 310 of the tubular member 210 is minimized. After placement of the plug 
405 in the fluid passage 240, the non hardenable materia! 306 is preferably pumped 
into the interior region 3 10 at pressures and flow rates ranging from approximately 500 
to 9,000 psi and 40 to 3,000 gallons/min in order to maximize the extrusion speed. 

The apparatus 200 is adapted to minimize tensile, burst, and friction effects 
upon the tubular member 210 during the expansion process. These effects will depend 
upon the geometry of the expansion mandrel 205, the material composition of the 
tubular member 210 and expansion mandrel 205, the inner diameter of the tubular 
member 210, the wall thickness of the tubular member 210, the type of lubricant, and 
the yield strength of the tubular member 210. In general, the thicker the wall 
thickness, the smaller the inner diameter, and the greater the yield strength of the 
tubular member 2 1 0, then the greater the operating pressures required to extrude the 
tubular member 210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off 
of the expandable mandrel will begin when the pressure of the interior region 310 
reaches, for example, approximately 500 to 9,000 psi. 

During the extrusion process, the expandable mandrel 205 may be raised out of 
the expanded portion of the tubular member 210 at rates ranging, for example, from 
about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 205 is raised 
out of the expanded portion of the tubular member 210 at rates ranging from about 0 to 
2 ft/sec in order to minimize the time required for the expansion process while also 
permitting easy control of the expansion process. 

When the end portion 260 of the tubular member 2 10 is extruded off of the 
expandable mandrel 205, the outer surface 265 of the end portion 260 of the tubular 
member 210 will preferably contact the interior surface 410 of the end portion 270 of 
the casing 1 15 to form an fluid tight overlapping joint. The contact pressure of the 
overlapping joint may range, for example, from approximately 50 to 20,000 psi. The 
contact pressure of the overlapping joint ranges from approximately 400 to 10,000 psi 
in order to provide optimum pressure to activate the annular sealing members 245 and 
optimally provide resistance to axial motion to accommodate typical tensile and 
compressive loads. 
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The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. The sealing members 245 optimally provide a fluidic and gaseous seal in 
the overlapping joint. 

5 The operating pressure and flow rate of the non hardenable fluidic material 306 

is controllably ramped down when the expandable mandrel 205 reaches the end 
portion 260 of the tubular member 210. In this manner, the sudden release of pressure 
caused by the complete extrusion of the tubular member 210 off of the expandable 
mandrel 205 can be minimized. The operating pressure is reduced in a substantially 
1 0 linear fashion from 1 00% to about 1 0% during the end of the extrusion process 
beginning when the mandrel 205 is within about 5 feet from completion of the 
extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
15 The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided in the 
end portion 260 of the tubular member 210 in order to catch or at least decelerate the 
mandrel 205. 

20 Once the extrusion process is completed, the expandable mandrel 205 is 

removed from the wellbore 100. Either before or after the removal of the expandable 
mandrel 205, the integrity of the fluidic seal of the overlapping joint between the upper 
portion 260 of the tubular member 210 and the lower portion 270 of the casing 115 is 
tested using conventional methods. 

25 If the fluidic seal of the overlapping joint between the upper portion 260 of the 

tubular member 210 and the lower portion 270 of the casing 1 15 is satisfactory, then 
any uncured portion of the material 305 within the expanded tubular member 210 is 
then removed in a conventional manner such as, for example, circulating the uncured 
material out of the interior of the expanded tubular member 210. The mandrel 205 is 

30 then pulled out of the wellbore section 130 and a drill bit or mill is used in combination 
with a conventional drilling assembly 505 to drill out any hardened material 305 within 
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the tubular member 2 1 0. The material 305 within the annular region 3 1 5 is then 
allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within the 
interior of the expanded tubular member 210 is then removed in a conventional manner 
using a conventional drill string 505. The resulting new section of casing 510 includes 
the expanded tubular member 210 and an outer annular layer 515 of cured material 
305. The bottom portion of the apparatus 200 comprising the shoe 215 and dart 405 
may then be removed by drilling out the shoe 2 15 and dart 405 using conventional 
drilling methods. 

As illustrated in Fig. 6, the upper portion 260 of the tubular member 210 
includes one or more sealing members 605 and one or more pressure relief holes 610. 
In this manner, the overlapping joint between the lower portion 270 of the casing 1 15 
and the upper portion 260 of the tubular member 2 10 is pressure-tight and the pressure 
on the interior and exterior surfaces of the tubular member 210 is equalized during the 
extrusion process. 

The sealing members 605 are seated within recesses 615 formed in the outer 
surface 265 of the upper portion 260 of the tubular member 210. The sealing members 
605 are bonded or molded onto the outer surface 265 of the upper portion 260 of the 
tubular member 210. The pressure relief holes 610 are preferably positioned in the last 
few feet of the tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. This 
reduction in required operating pressure in turn reduces the velocity of the mandrel 205 
upon the completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire apparatus 200 upon the completion of the 
extrusion process. 

Referring now to Fig. 7, an apparatus 700 for forming a casing within a 
wellbore preferably includes an expandable mandrel or pig 705, an expandable 
mandrel or pig container 710, a tubular member 715, a float shoe 720, a lower cup seal 
725, an upper cup seal 730, a fluid passage 735, a fluid passage 740, a support member 
745, a body of lubricant 750, an overshot connection 755, another support member 
760, and a stabilizer 765. 
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The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may comprise 
5 any number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. The expandable mandrel 705 
comprises a hydraulic expansion tool substantially as disclosed in U.S. Pat. No. 
5,348,095, the contents of which are incorporated herein by reference, modified in 
accordance with the teachings of the present disclosure. 

10 The expandable mandrel container 710 is coupled to and supported by the 

support member 745. The expandable mandrel container 710 is further coupled to the 
expandable mandrel 705. The expandable mandrel container 710 may be constructed 
from any number of conventional commercially available materials such as, for 
example, Oilfield Country Tubular Goods, stainless steel, titanium or high strength 

15 steels. The expandable mandrel container 710 is fabricated from material having a 

greater strength than the material from which the tubular member 715 is fabricated. In 
this manner, the container 710 can be fabricated from a tubular material having a 
thinner wall thickness than the tubular member 210. This permits the container 710 to 
pass through tight clearances thereby facilitating its placement within the wellbore. 

20 Once the expansion process begins, and the thicker, lower strength material of 

the tubular member 715 is expanded, the outside diameter of the tubular member 715 
is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial direction 

25 and extruded off of the expandable mandrel 705 substantially as described above with 
reference to Figs. 1-6. The tubular member 715 may be fabricated from any number of 
materials such as, for example, Oilfield Country Tubular Goods (OCTG), automotive 
grade steel or plastics. The tubular member 715 is fabricated from OCTG. 

The tubular member 715 has a substantially annular cross-section. The tubular 

30 member 7 1 5 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
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tubular member 715 preferably is defined by the region beginning in the vicinity of the 
mandrel container 710 and ending with the top section 820 of the tubular member 715. 
The intermediate section 810 of the tubular member 715 is preferably defined by the 
region beginning in the vicinity of the top of the mandrel container 710 and ending 
5 with the region in the vicinity of the mandrel 705. The lower section 8 1 5 of the 

tubular member 715 is preferably defined by the region beginning in the vicinity of the 
mandrel 705 and ending at the bottom 825 of the tubular member 715. 

The wall thickness of the upper section 805 of the tubular member 7 1 5 is 
greater than the wall thicknesses of the intermediate and lower sections 8 1 0 and 8 1 5 of 
10 the tubular member 715 in order to optimally facilitate the initiation of the extrusion 
process and optimally permit the apparatus 700 to be positioned in locations in the 
weilbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the tubular 
member 715 may range, for example, from about 1.05 to 48 inches and 1/8 to 2 inches, 
15 respectively. The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 range from about 3.5 to 16 inches and 3/8 to 1.5 inches, 
respectively. 

The outer diameter and wall thickness of the intermediate section 8 1 0 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 

20 1 .5 inches, respectively. The outer diameter and wall thickness of the intermediate 
section 810 of the tubular member 715 range from about 3.5 to 19 inches and 1/8 to 
1.25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 1 .25 

25 inches, respectively. The outer diameter and wall thickness of the lower section 8 1 0 of 
the tubular member 715 range from about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. The wall thickness of the lower section 815 of the tubular member 715 is 
further increased to increase the strength of the shoe 720 when drillable materials such 
as, for example, aluminum are used. 

30 The tubular member 7 1 5 preferably comprises a solid tubular member. The end 

portion 820 of the tubular member 715 is slotted, perforated, or otherwise modified to 
catch or slow down the mandrel 705 when it completes the extrusion of tubular 
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member 715. The length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of the 
tubular member 715 is preferably limited to between about 40 to 20,000 feet in length. 
The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 7 1 5. The shoe 720 includes the fluid passage 740. The shoe 720 further includes an 
inlet passage 830, and one or more jet ports 835. The cross-sectional shape of the inlet 
passage 830 is adapted to receive a latch-down dart, or other similar elements, for 
blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
of solid material 840 for increasing the strength of the shoe 720. The body of solid 
10 material 840 comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down- Jet float shoe, or guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the teachings 
of the present disclosure. The shoe 720 comprises an aluminum down-jet guide shoe 

1 5 with a sealing sleeve for a latch-down plug available from Halliburton Energy Services 
in Dallas, TX, modified in accordance with the teachings of the present disclosure, in 
order to optimize guiding the tubular member 715 in the wellbore, optimize the seal 
between the tubular member 715 and an existing wellbore casing, and to optimally 
facilitate the removal of the shoe 720 by drilling it out after completion of the 

20 extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 745. 
The lower cup seal 725 prevents foreign materials from entering the interior region of 
the tubular member 715 above the expandable mandrel 705. The lower cup seal 725 
may comprise any number of conventional commercially available cup seals such as, 

25 for example, TP cups or Selective Injection Packer (SIP) cups modified in accordance 
with the teachings of the present disclosure. The lower cup seal 725 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas, TX in order to optimally 
provide a debris barrier and hold a body of lubricant. 

The upper cup seal 730 is coupled to and supported by the support member 760. 

30 The upper cup seal 730 prevents foreign materials from entering the interior region of 
the tubular member 715. The upper cup seal 730 may comprise any number of 
conventional commercially available cup seals such as, for example, TP cups or 
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Selective Injection Packer (SIP) cup modified in accordance with the teachings of the 
present disclosure. The upper cup seal 730 comprises a SIP cup available from 
Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and contain a body of lubricant. 
5 The fluid passage 735 permits fluidic materials to be transported to and from 

the interior region of the tubular member 715 below the expandable mandrel 705. The 
fluid passage 735 is fluidicly coupled to the fluid passage 740. The fluid passage 735 
is preferably coupled.to and positioned within the support member 760, the support 
member 745, the mandrel container 710, and the expandable mandrel 705. The fluid 
10 passage 735 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 705. The fluid passage 735 is preferably positioned along a 
centerline of the apparatus 700. The fluid passage 735 is preferably selected to 
transport materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 40 to 3,000 gallons/minute and 500 to 9,000 psi in order to 
15 optimally provide sufficient operating pressures to extrude the tubular member 715 off 
of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the fluid 
passage 735 can be released into the wellbore above the tubular member 715. The 
20 apparatus 700 further includes a pressure release passage that is coupled to and 
positioned within the support member 260. The pressure release passage is further 
fluidicly coupled to the fluid passage 735. The pressure release passage preferably 
includes a control valve for controllably opening and closing the fluid passage. The 
control valve is pressure activated in order to controllably minimize surge pressures. 
25 The pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in order to reduce the 
drag on the apparatus 700 during insertion into a new section of a wellbore and to 
30 minimize surge pressures on the new wel Ibore section. 

The fluid passage 740 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 71 5. The fluid passage 740 is preferably 
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coupled to and positioned within the shoe 720 in fluidic communication with the 
interior region of the tubular member 715 below the expandable mandrel 705. The 
fluid passage 740 preferably has a cross-sectional shape that permits a plug, or other 
similar device, to be placed in the inlet 830 of the fluid passage 740 to thereby block 
5 further passage of fluidic materials. In this manner, the interior region of the tubular 
member 715 below the expandable mandrel 705 can be optimally fluidicly isolated 
from the region exterior to the tubular member 715. This permits the interior region of 
the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the centerline 
of the apparatus 700. The fluid passage 740 is preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill an annular region 
between the tubular member 715 and a new section of a wellbore with fluidic 
materials. The fluid passage 740 includes an inlet passage 830 having a geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passage 740 
can be sealed off by introducing a plug, dart and/or ball sealing elements into the inlet 
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The apparatus 700 further includes one or more seals 845 coupled to and 
supported by the end portion 820 of the tubular member 715. The seals 845 are further 
positioned on an outer surface of the end portion 820 of the tubular member 715. The 
seals 845 permit the overlapping joint between an end portion of preexisting casing 
and the end portion 820 of the tubular member 715 to be fluidicly sealed. The seals 
845 may comprise any number of conventional commercially available seals such as, 
for example, lead, rubber, Teflon, or epoxy seals modified in accordance with the 
teachings of the present disclosure. The seals 845 comprise seals molded from 
StrataLock epoxy available from Halliburton Energy Services in Dallas, TX in order to 
optimally provide a hydraulic seal and a load bearing interference fit in the overlapping 
joint between the tubular member 71 5 and an existing casing with optimal load bearing 
capacity to support the tubular member 715. 

The seals 845 are selected to provide a sufficient frictional force to support the 
expanded tubular member 715 from the existing casing. The frictional force provided 
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by the seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 705 
and the overshot connection 755. The support member 745 preferably comprises an 
5 annular member having sufficient strength to carry the apparatus 700 into a new 
section of a wellbore. The support member 745 may comprise any number of 
conventional commercially available support members such as, for example, steel drill 
pipe, coiled tubing or other high strength tubular modified in accordance with the 
teachings of the present disclosure. The support member 745 comprises conventional 

10 drill pipe available from various steel mills in the United States. 

A body of lubricant 750 is provided in the annular region above the expandable 
mandrel container 710 within the interior of the tubular member 715. In this manner, 
the extrusion of the tubular member 715 off of the expandable mandrel 705 is 
facilitated. The lubricant 750 may comprise any number of conventional 

15 commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants, or Climax 1500 Antisieze (3 100). The lubricant 750 
comprises Climax 1500 Antisieze (3100) available from Halliburton Energy Services 
in Houston, TX in order to optimally provide lubrication to facilitate the extrusion 
process. 

20 The overshot connection 755 is coupled to the support member 745 and the 

support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, Innerstring 

25 Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot connection 
755 comprises a Innerstring Adapter with an Upper Guide available from Halliburton 
Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 755 
and a surface support structure (not illustrated). The support member 760 preferably 

30 comprises an annular member having sufficient strength to carry the apparatus 700 into 
a new section of a wellbore. The support member 760 may comprise any number of 
conventional commercially available support members such as, for example, steel drill 
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pipe, coiled tubing or other high strength tubulars modified in accordance with the 
teachings of the present disclosure. The support member 760 comprises a 
conventional drill pipe available from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
5 stabilizer 765 also preferably stabilizes the components of the apparatus 700 within the 
tubular member 715. The stabilizer 765 preferably comprises a spherical member 
having an outside diameter that is about 80 to 99% of the interior diameter of the 
tubular member 715 in order to optimally minimize buckling of the tubular member 
715. The stabilizer 765 may comprise any number of conventional commercially 
10 available stabilizers such as, for example, EZ Drill Star Guides, packer shoes or drag 
blocks modified in accordance with the teachings of the present disclosure. The 
stabilizer 765 comprises a sealing adapter upper guide available from Halliburton 
Energy Services in Dallas, TX. 

The support members 745 and 760 are thoroughly cleaned prior to assembly to 
1 5 the remaining portions of the apparatus 700. In this manner, the introduction of 

foreign material into the apparatus 700 is minimized. This minimizes the possibility of 
foreign material clogging the various flow passages and valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
wellbore, a couple of wellbore volumes are circulated through the various flow 
20 passages of the apparatus 700 in order to ensure that no foreign materials are located 
within the wellbore that might clog up the various flow passages and valves of the 
apparatus 700 and to ensure that no foreign material interferes with the expansion 
mandrel 705 during the expansion process. 

The apparatus 700 is operated substantially as described above with reference 
25 to Figs. 1 -7 to form a new section of casing within a wellbore. 

As illustrated in Fig. 8, the method and apparatus described herein is used to 
repair an existing wellbore casing 805 by forming a tubular liner 810 inside of the 
existing wellbore casing 805. An outer annular lining of cement is not provided in the 
repaired section. Any number of fluidic materials can be used to expand the tubular 
30 liner 810 into intimate contact with the damaged section of the wellbore casing such 
as, for example, cement, epoxy, slag mix, or drilling mud. Sealing members 815 are 
preferably provided at both ends of the tubular member in order to optimally provide a 
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fluidic seal. The tubular liner 810 is formed within a horizontally positioned pipeline 
section, such as those used to transport hydrocarbons or water, with the tubular liner 
810 placed in an overlapping relationship with the adjacent pipeline section. In this 
manner, underground pipelines can be repaired without having to dig out and replace 
5 the damaged sections. 

The method and apparatus described herein is used to directly line a wellbore 
with a tubular liner 810. An outer annular lining of cement is not provided between 
the tubular liner 8 1 0 and the wellbore. Any number of fluidic materials can be used to 
expand the tubular liner 810 into intimate contact with the wellbore such as, for 

1 0 example, cement, epoxy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, an apparatus 900 for forming a 
wellbore casing includes an expandible tubular member 902, a support member 904, 
an expandible mandrel or pig 906, and a shoe 908. The design and construction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling them 

J 5 out. In this manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 910, 
an intermediate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 906 

20 by pressurizing an interior region 966 of the tubular member 902. The tubular member 
902 preferably has a substantially annular cross-section. 

An expandable tubular member 915 is coupled to the upper portion 910 of the 
expandable tubular member 902. During operation of the apparatus 900, the tubular 
member 91 5 is preferably extruded off of the mandrel 906 by pressurizing the interior 

25 region 966 of the tubular member 902. The tubular member 9 1 5 preferably has a 
substantially annular cross-section. The wall thickness of the tubular member 91 5 is 
greater than the wall thickness of the tubular member 902. 

The tubular member 91 5 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 

30 steels, titanium or stainless steels. The tubular member 915 is fabricated from oilfield 
tubulars in order to optimally provide approximately the same mechanical properties as 
the tubular member 902. The tubular member 915 has a plastic yield point ranging 
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from about 40,000 to 135,000 psi in order to optimally provide approximately the same 
yield properties as the tubular member 902. The tubular member 915 may comprise a 
plurality of tubular members coupled end to end. 

The upper end portion of the tubular member 915 includes one or more sealing 
5 members for optimally providing a fluidic and/or gaseous seal with an existing section 
ofwellbore casing. 

The combined length of the tubular members 902 and 91 5 are limited to 
minimize the possibility of buckling. For typical tubular member materials, the 
combined length of the tubular members 902 and 91 5 are limited to between about 40 
10 to 20,000 feet in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to the 
shoe 908 by a threaded connection 968. The intermediate portion 912 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 may be fabricated from any number of conventional 
1 5 commercially avai lable materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. The tubular member 902 is fabricated from oilfield 
tubulars in order to optimally provide approximately the same mechanical properties as 
the tubular member 915. The tubular member 902 has a plastic yield point ranging 
from about 40,000 to 135,000 psi in order to optimally provide approximately the same 
20 yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 
914 of the tubular member 902 may range, for example, from about 1/16 to 1 .5 inches. 
The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 of 
the tubular member 902 range from about 1/8 to 1 .25 in order to optimally provide 
25 wall thickness that are about the same as the tubular member 915. The wall thickness 
of the lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 and 
30 9 1 4 of the tubular member 902 may range, for example, from about 1 .05 to 48 inches. 
The outer diameter of the upper, intermediate, and lower portions, 910, 91 2 and 914 of 
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the tubular member 902 range from about 3 2 to 1 9 inches in order to optimally 
provide the ability to expand the most commonly used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between about 2 
to 5 feet in order to optimally provide enough length to contain the mandrel 906 and a 
body of lubricant. 

The tubular member 902 may comprise any number of conventional 
commercially available tubular members modified in accordance with the teachings of 
the present disclosure. The tubular member 902 comprises Oilfield Country Tubular 
Goods available from various U.S. steel mills. The tubular member 915 may comprise 
any number of conventional commercially available tubular members modified in 
accordance with the teachings of the present disclosure. The tubular member 91 5 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, welding 
or machined from one piece. The various elements of the tubular member 902 are 
coupled using welding. The tubular member 902 may comprise a plurality of tubular 
elements that are coupled end to end. The various elements of the tubular member 915 
may be coupled using any number of conventional process such as, for example, 
threaded connections, welding or machined from one piece. The various elements of 
the tubular member 915 are coupled using welding. The tubular member 915 may 
comprise a plurality of tubular elements that are coupled end to end. The tubular 
members 902 and 915 may be coupled using any number of conventional process such 
as, for example, threaded connections, welding or machined from one piece. 

The support member 904 preferably includes an innerstring adapter 916, a fluid 
passage 918, an upper guide 920, and a coupling 922. During operation of the ' 
apparatus 900, the support member 904 preferably supports the apparatus 900 during 
movement of the apparatus 900 within a wellbore. The support member 904 
preferably has a substantially annular cross-section. 

The support member 904 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel, coiled tubing or stainless steel. The support member 904 is fabricated from low 
alloy steel in order to optimally provide high yield strength. 
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The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 916 
may be coupled to a conventional drill string support 971 by a threaded connection 
970. 

The fluid passage 918 is preferably used to convey fluids and other materials to 
and from the apparatus 900. The fluid passage 918 is fluidicly coupled to the fluid 
passage 952. The fluid passage 91 8 is used to convey hardenable fluidic sealing 
materials to and from the apparatus 900. The fluid passage 918 may include one or 
more pressure relief passages (not illustrated) to release fluid pressure during 
positioning of the apparatus 900 within a wellbore. The fluid passage 918 is 
positioned along a longitudinal centerline of the apparatus 900. The fluid passage 918 
is selected to permit the conveyance of hardenable fluidic materials at operating 
pressures ranging from about 0 to 9,000 psi. 

The upper guide 920 is coupled to an upper portion of the support member 904. 
The upper guide 920 preferably is adapted to center the support member 904 within 
the tubular member 91 5. The upper guide 920 may comprise any number of 
conventional guide members modified in accordance with the teachings of the present 
disclosure. The upper guide 920 comprises an innerstring adapter available from 
Halliburton Energy Services in Dallas, TX order to optimally guide the apparatus 900 
within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded connections 
or machined from one piece. The various elements of the support member 904 are 
coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 950, 
and a fluid passage 952. 
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The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 948, 
and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the lubricator 
sleeve 948. The retainer 924 preferably has a substantially annular cross-section. The 
retainer 924 may comprise any number of conventional commercially available 
5 retainers such as, for example, slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946, 
and the lubricator sleeve 948. The rubber cup 926 prevents the entry of foreign 
materials into the interior region 972 of the tubular member 902 below the rubber cup 
926. The rubber cup 926 may comprise any number of conventional commercially 
available rubber cups such as, for example, TP cups or Selective Injection Packer (SIP) 
cup. The rubber cup 926 comprises a SIP cup available from Halliburton Energy 
Services in Dallas, TX in order to optimally block foreign materials. 

A body of lubricant is further provided in the interior region 972 of the tubular 
member 902 in order to lubricate the interface between the exterior surface of the 
15 mandrel 902 and the interior surface of the tubular members 902 and 915. The 

lubricant may comprise any number of conventional commercially available lubricants 
such as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (3100). The lubricant comprises Climax 1500 Antiseize (3100) 
available from Climax Lubricants and Equipment Co. in Houston, TX in order to 
20 optimally provide lubrication to facilitate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body of 
cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and the 
upper cone retainer 944. During operation of the apparatus 900, the tubular members 
902 and 915 are extruded off of the outer surface of the expansion cone 928. Axial 
movement of the expansion cone 928 is prevented by the lower cone retainer 930, 
housing 940 and the upper cone retainer 944. Inner radial movement of the expansion 
cone 928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
30 The outside diameter of the expansion cone 928 is preferably tapered to provide a cone 
shape. The wall thickness of the expansion cone 928 may range, for example, from 
about 0.125 to 3 inches. The wall thickness of the expansion cone 928 ranges from 
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about 0.25 to 0.75 inches in order to optimally provide adequate compressive strength 
with minimal material. The maximum and minimum outside diameters of the 
expansion cone 928 may range, for example, from about 1 to 47 inches. The 
maximum and minimum outside diameters of the expansion cone 928 range from 
about 3.5 to 19 in order to optimally provide expansion of generally available oilfield 
tubulars 

The expansion cone 928 may be fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium or 
low alloy steel. The expansion cone 928 is fabricated from tool steel in order to 
optimally provide high strength and abrasion resistance. The surface hardness of the 
outer surface of the expansion cone 928 may range, for example, from about 50 
Rockwell C to 70 Rockwell C. The surface hardness of the outer surface of the 
expansion cone 928 ranges from about 58 Rockwell C to 62 Rockwell C in order to 
optimally provide high yield strength. The expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. Axial movement of the expansion cone 928 is prevented by the lower 
cone retainer 930. Preferably, the lower cone retainer 930 has a substantially annular 
cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. The lower cone retainer 930 is fabricated from tool 
steel in order to optimally provide high strength and abrasion resistance. The surface 
hardness of the outer sur face of the lower cone retainer 930 may range, for example, 
from about 50 Rockwell C to 70 Rockwell C. The surface hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strength. The lower cone retainer 
930 is heat treated to optimally provide a hard outer surface and a resilient interior 
body in order to optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 and the expansion cone 928 are formed as an 
integral one-piece element in order reduce the number of components and increase the 
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overall strength of the apparatus. The outer surface of the lower cone retainer 930 
preferably mates with the inner surfaces of the tubular members 902 and 9 1 5. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
The body of cement 932 provides an inner bearing structure for the mandrel 906. The 
body of cement 932 further may be easily drilled out using a conventional drill device. 
In this manner, the mandrel 906 may be easily removed using a conventional drilling 
device. 

The body of cement 932 may comprise any number of conventional 
commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted for 
cement. The body of cement 932 preferably has a substantially annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
During operation of the apparatus 900, the lower guide 934 preferably helps guide the 
movement of the mandrel 906 within the tubular member 902: The lower guide 934 
preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy steel 
or stainless steel. The lower guide 934 is fabricated from low alloy steel in order to 
optimally provide high yield strength. The outer surface of the lower guide 934 
preferably mates with the inner surface of the tubular member 902 to provide a sliding 
fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably helps 
guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy steel 
or stainless steel. The extension sleeve 936 is fabricated from low alloy steel in order 
to optimally provide high yield strength. The outer surface of the extension sleeve 936 
preferably mates with the inner surface of the tubular member 902 to provide a sliding 
fit. The extension sleeve 936 and the lower guide 934 are formed as an integral one- 
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piece element in order to minimize the number of components and increase the 

strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 preferably 

includes the fluid passage 952 and is adapted to mate with the extension tube 960 of 
5 the shoe 908. In this manner, a plug or dart can be conveyed from the surface through 

the fluid passages 91 8 and 952 into the fluid passage 962. Preferably, the spacer 938 

has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast iron. 
) The spacer 938 is fabricated from aluminum in order to optimally provide disability. 

The end of the spacer 938 preferably mates with the end of the extension tube 960. 

The spacer 938 and the sealing sleeve 942 are formed as an integral one-piece element 

in order to reduce the number of components and increase the strength of the 

apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner radial motion 
of the expansion cone 928. Preferably, the housing 940 has a substantially annular 
cross-section. 

The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy steel 
or stainless steel. The housing 940 is fabricated from low alloy steel in order to 
optimally provide high yield strength. The lower guide 934, extension sleeve 936 and 
housing 940 are formed as an integral one-piece element in order to minimize the 
number of components and increase the strength of the apparatus. 

The interior surface of the housing 940 includes one or more protrusions to 
facilitate the connection between the housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of the 
apparatus, the sealing sleeve 942 preferably provides support for the mandrel 906. The 
sealing sleeve 942 is preferably coupled to the support member 904 using the coupling 
922. Preferably, the sealing sleeve 942 has a substantially annular cross-section. 
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The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
The sealing sleeve 942 is fabricated from aluminum in order to optimally provide 
drillability of the sealing sleeve 942. 

The outer surface of the sealing sleeve 942 includes one or more protrusions to 
facilitate the connection between the sealing sleeve 942 and the body of cement 932. 

The spacer 938 and the sealing sleeve 942 are integrally formed as a one-piece 
element in order to minimize the number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the sealing 
sleeve 942, and the body of cement 932. During operation of the apparatus 900, the 
upper cone retainer 944 preferably prevents axial motion of the expansion cone 928. 
Preferably, the upper cone retainer 944 has a substantially annular cross-section. 

The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, aluminum 
15 or cast iron. The upper cone retainer 944 is fabricated from aluminum in order to 
optimally provide drillability of the upper cone retainer 944. 

The upper cone retainer 944 has a cross-sectional shape designed to provide 
increased rigidity. The upper cone retainer 944 has a cross-sectional shape that is 
substantially I-shaped to provide increased rigidity and minimize the amount of 
material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the body 
of lubricant in the annular region 972 for lubricating the interface between the mandrel 
906 and the tubular member 902. Preferably, the lubricator mandrel 946 has a 
substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
The lubricator mandrel 946 is fabricated from aluminum in order to optimally provide 
drillability of the lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the retainer 
924, the rubber cup 926, the upper cone retainer 944, the lubricator sleeve 948, and the 
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guide 950. During operation of the apparatus 900, the lubricator sleeve 948 preferably 
supports the rubber cup 926. Preferably, the lubricator sleeve 948 has a substantially 
annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of conventional 
5 commercially available materials such as, for example, steel, aluminum or cast iron. 
The lubricator sleeve 948 is fabricated from aluminum in order to optimally provide 
drillability of the lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
1 0 retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. Seals 949a and 
949b are provided between the lubricator mandrel 946, lubricator sleeve 948, and 
rubber cup 926 in order to optimally seal off the interior region 972 of the tubular 
member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, and 
15 the lubricator sleeve 948. During operation of the apparatus 900, the guide 950 

preferably guides the apparatus on the support member 904. Preferably, the guide 950 
has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
20 The guide 950 is fabricated from aluminum order to optimally provide drillability of 
the guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operation of the 
apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. The 
fluid passage 952 is positioned about the centerlineof the apparatus 900. The fluid 
25 passage 952 is adapted to convey hardenable fluidic materials at pressures and flow 
rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally 
provide pressures and flow rates to displace and circulate fluids during the installation 
of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number of 
30 conventional process such as, for example, threaded connections, welded connections 
or cementing. The various elements of the mandrel 906 are coupled using threaded 
connections and cementing. 
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The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more outlet 
jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower portion 
914 of the tubular member 902. During operation of the apparatus 900, the housing 
954 preferably couples the lower portion of the tubular member 902 to the shoe 908 to 
facilitate the extrusion and positioning of the tubular member 902. Preferably, the 
housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. The 
housing 954 is fabricated from aluminum in order to optimally provide drillability of 
the housing 954. 

The interior surface of the housing 954 includes one or more protrusions to 
facilitate the connection between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing sleeve 
958. The composition of the body of cement 956 is selected to permit the body of 
cement to be easily drilled out using conventional drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a drillable material 
such as, for example, aluminum or iron may be substituted for the body of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension tube 
960, the fluid passage 962, and one or more outlet jets 964. During operation of the 
apparatus 900, the sealing sleeve 958 preferably is adapted to convey a hardenable 
fluidic material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular region 
external to the tubular member 902. During operation of the apparatus 900, the sealing 
sleeve 958 further includes an inlet geometry that permits a conventional plug or dart 
974 to become lodged in the inlet of the sealing sleeve 958. In this manner, the fluid 
passage 962 may be blocked thereby fluidicly isolating the interior region 966 of the 
tubular member 902. 

The sealing sleeve 958 has a substantially annular cross-section. The sealing 
sleeve 958 may be fabricated from any number of conventional commercially available 
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materials such as, for example, steel, aluminum or cast iron. The sealing sleeve 958 is 
fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
962, and one or more outlet jets 964. During operation of the apparatus 900, the 
extension tube 960 preferably is adapted to convey a hardenable fluidic material from 
the fluid passage 952 into the fluid passage 962 and then into the outlet jets 964 in 
order to inject the hardenable fluidic material into an annular region external to the 
tubular member 902. During operation of the apparatus 900, the extension tube 960 
further includes an inlet geometry that permits a conventional plug or dart 974 to 
become lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 
962 is blocked thereby fluidicly isolating the interior region 966 of the tubular member 
902. One end of the extension tube 960 mates with one end of the spacer 938 in order 
to optimally facilitate the transfer of material between the two. 

The extension tube 960 has a substantially annular cross-section. The extension 
tube 960 may be fabricated from any number of conventional commercially available 
materials such as, for example, steel, aluminum or cast iron. The extension tube 960 is 
fabricated from aluminum in order to optimally provide drillability of the extension 
tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension tube 
960, and one or more outlet jets 964. During operation of the apparatus 900, the fluid 
passage 962 is preferably conveys hardenable fluidic materials. The fluid passage 962 
is positioned about the centerline of the apparatus 900. The fluid passage 962 is 
adapted to convey hardenable fluidic materials at pressures and flow rate ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally provide fluids at 
operationally efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 
960, and the fluid passage 962. During operation of the apparatus 900, the outlet jets 
964 preferably convey hardenable fluidic material from the fluid passage 962 to the 
region exterior of the apparatus 900. The shoe 908 includes a plurality of outlet jets 
964. 
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The outlet jets 964 comprise passages drilled in the housing 954 and the body 
of cement 956 in order to simplify the construction of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or machined 
from one piece of material. The various elements of the shoe 908 are coupled using 
cement. 

The assembly 900 is operated substantially as described above with reference to 
Figs. 1-8 to create a new section of casing in a wellbore or to repair a wellbore casing 
or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, a drill 
string is used in a well known manner to drill out material from the subterranean 
formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean formation is 
then positioned in the new section of the wellbore. The apparatus 900 includes the 
tubular member 91 5. A hardenable fluidic sealing material is then pumped from a 
surface location into the fluid passage 918. The hardenable fluidic sealing material 
then passes from the fluid passage 918 into the interior region 966 of the tubular 
member 902 below the mandrel 906. The hardenable fluidic sealing material then 
passes from the interior region 966 into the fluid passage 962. The hardenable fluidic 
sealing material then exits the apparatus 900 via the outlet jets 964 and fills an annular 
region between the exterior of the tubular member 902 and the interior wall of the new 
section of the wellbore. Continued pumping of the hardenable fluidic sealing material 
causes the material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the annular 
region at pressures and flow rates ranging, for example, from about 0 to 5,000 psi and 
0 to 1,500 gallons/min, respectively. The hardenable fluidic sealing material is 
pumped into the annular region at pressures and flow rates that are designed for the 
specific wellbore section in order to optimize the displacement of the hardenable 
fluidic sealing material while not creating high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The optimum 
pressures and flow rates are preferably determined using conventional empirical 
methods. 
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The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. The hardenable fluidic sealing material 
comprises blended cements designed specifically for the well section being lined 
available from Halliburton Energy Services in Dallas, TX in order to optimally provide 
support for the new tubular member while also maintaining optimal flow 
characteristics so as to minimize operational difficulties during the displacement of the 
cement in the annular region. The optimum composition of the blended cements is 
preferably determined using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled with 
hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the external annular region. A non hardenable fluidic 
material is then pumped into the interior region 966 causing the interior region 966 to 
pressurize. The plug or dart 974, or other similar device, preferably is introduced into 
the fluid passage 962 by introducing the plug or dart 974, or other similar device into 
the non hardenable fluidic material. In this manner, the amount of cured material 
within the interior of the tubular members 902 and 915 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may be 
fixed or it may be expandible. During the extrusion process, the mandrel 906 is raised 
out of the expanded portions of the tubular members 902 and 915 using the support 
member 904. During this extrusion process, the shoe 908 is preferably substantially 
stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location in a 
conventional manner. The plug or dart 974 may comprise any number of conventional 
commercially available devices for plugging a fluid passage such as, for example, 
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Multiple Stage Cementer (MSC) latch-down plug, Omega latch-down plug or three- 
wiper latch down plug modified in accordance with the teachings of the present 
disclosure. The plug or dart 974 comprises a MSC latch-down plug available from 
Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 3,000 
gallons/min in order to optimally extrude the tubular members 902 and 915 off of the 
mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular members 
902 and 915 off of the expandable mandrel will begin when the pressure of the interior 
region 966 reaches approximately 500 to 9,000 psi. The extrusion of the tubular 
members 902 and 915 off of the mandrel 906 begins when the pressure of the interior 
region 966 reaches approximately 1,200 to 8,500 psi with a flow rate of about 40 to 
1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
expanded portions of the tubular members 902 and 915 at rates ranging, for example, 
from about 0 to 5 ft/sec. During the extrusion process, the mandrel 906 is raised out of 
the expanded portions of the tubular members 902 and 915 at rates ranging from about 
0 to 2 ft/sec in order to optimally provide pulling speed fast enough to permit efficient 
operation and permit full expansion of the tubular members 902 and 915 prior to 
curing of the hardenable fluidic sealing material; but not so fast that timely adjustment 
of operating parameters during operation is prevented. 

When the upper end portion of the tubular member 915 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 915 will 
preferably contact the interior surface of the lower end portion of the existing casing to 
form an fluid tight overlapping joint. The contact pressure of the overlapping joint 
may range, for example, from approximately 50 to 20,000 psi. The contact pressure of 
the overlapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 400 to 10,000 psi in 
order to optimally provide contact pressure to activate the sealing members and 
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provide optimal resistance such that the tubular member 915 and existing wellbore 
casing will carry typical tensile and compressive loads. 

The operating pressure and flow rate of the non hardenable fluidic material will 
be controllably ramped down when the mandrel 906 reaches the upper end portion of 
5 the tubular member 915. In this manner, the sudden release of pressure caused by the 
complete extrusion of the tubular member 915 off of the expandable mandrel 906 can 
be minimized. The operating pressure is reduced in a substantially linear fashion from 
1 00% to about 10% during the end of the extrusion process beginning when the 
mandrel 906 has completed approximately all but about the last 5 feet of the extrusion 
10 process. 

The operating pressure and/or flow rate of the hardenable fluidic sealing 
material and/or the non hardenable fluidic material are controlled during all phases of 
the operation of the apparatus 900 to minimize shock. 

Alternatively, or in combination, a shock absorber is provided in the support 
15 member 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed from the 
wellbore. Either before or after the removal of the mandrel 906, the integrity of the 
20 fluidic seal of the overlapping joint between the upper portion of the tubular member 
915 and the lower portion of the existing casing is tested using conventional methods. 
If the fluidic seal of the overlapping joint between the upper portion of the tubular 
member 915 and the lower portion of the existing casing is satisfactory, then the 
uncured portion of any of the hardenable fluidic sealing material within the expanded 
25 tubular member 915 is then removed in a conventional manner. The hardenable fluidic 
sealing material within the annular region between the expanded tubular member 915 
and the existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within the 
interior of the expanded tubular members 902 and 915 is then removed in a 
30 conventional manner using a conventional drill string. The resulting new section of 
casing preferably includes the expanded tubular members 902 and 915 and an outer 
annular layer of cured hardenable fluidic sealing material. The bottom portion of the 
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apparatus 900 comprising the shoe 908 may then be removed by drilling out the shoe 
908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be necessary 
to remove the entire apparatus 900 from the interior of the wellbore due to a 
malfunction. In this circumstance, a conventional drill string is used to drill out the 
interior sections of the apparatus 900 in order to facilitate the removal of the remaining 
secnons. The interior elements of the apparatus 900 are fabricated from materials such 
as, for example, cement and aluminum, that permit a conventional drill string to be 
employed to drill out the interior components. 

In particular, The composition of the interior sections of the mandrel 906 and 
shoe 908, including one or more of the body of cement 932, the spacer 938, the sealing 
sleeve 942, the upper cone retainer 944, the lubricator mandrel 946, the lubricator 
sleeve 948, the guide 950, the housing 954, the body of cement 956, the sealing sleeve 
958, and the extension tube 960, are selected to permit at least some of these 
components to be drilled out using conventional drilling methods and apparatus. In 
this manner, in the event of a malfunction downhole, the apparatus 900 may be easily 
removed from the wellbore. 

Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1 008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and a 
cement annulus 1014. The second casing 1006 is formed by expanding a tubular 
member substantially as described above with reference to Figs. 1 -9c or below with 
reference to Figs. 1 1 a- 1 1 f. 

An upper portion of the tubular liner 1012 overlaps with a lower portion of the 
tubular liner 1008. An outer surface of the upper portion of the tubular liner 1012 
includes one or more sealing members 1016 for providing a fluidic seal between the 
30 tubular liners 1008 and 1012. 

Referring to Fig. 1 0b, in order to create a tie-back liner that extends from the 
overlap between the first and second casings, 1004 and 1006, an apparatus 1 100 is 
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preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
member 1 1 10, a shoe 1115, one or more cup seals 1 120, a fluid passage 1 130, a fluid 
passage 1 135, one or more fluid passages 1 140, seals 1 145, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the support 
member 1 150. The expandable mandrel 1 105 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1 105 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
with the teachings of the present disclosure. The expandable mandrel 1 105 comprises 
a hydraulic expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the 
disclosure of which is incorporated herein by reference, modified in accordance with 
the teachings of the present disclosure. 

The tubular member 1 1 10 is coupled to and supported by the expandable 
mandrel 1 105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1 105. The tubular member 1 1 10 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. The tubular member 1 1 10 is 
fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
The inner and outer diameters of the tubular member 1110 range from about 3 to 15.5 
inches and 3.5 to 16 inches, respectively in order to optimally provide coverage for 
typical oilfield casing sizes. The tubular member 1 1 10 preferably comprises a solid 
member. 

The upper end portion of the tubular member 1 1 10 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 1 105 when it completes the 
extrusion of tubular member 1 1 10. The length of the tubular member 1 1 10 is limited 
to minimize the possibility of buckling. For typical tubular member 1110 materials, 
the length of the tubular member 1 110 is preferably limited to between about 40 to 
20,000 feet in length. 

The shoe 1 1 15 is coupled to the expandable mandrel 1 105 and the tubular 
member 1 1 10. The shoe 1115 includes the fluid passage 1 135. The shoe 11 15 may 
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comprise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the teachings 
of the present disclosure. The shoe 1 1 15 comprises an aluminum down-jet guide shoe 
with a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow 
port available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1 100 to the overlap between the tubular member 1 100 and the casing 1012, 
optimally fluidicly isolate the interior of the tubular member 1 100 after the latch down 
plug has seated, and optimally pennit drilling out of the shoe 1115 after completion of 
the expansion and cementing operations. 

The shoe 1115 includes one or more side outlet ports 1 140 in fluidic 
communication with the fluid passage 1 1 35. In this manner, the shoe 1115 injects 
hardenable fluidic sealing material into the region outside the shoe 1 1 1 5 and tubular 
member 1 1 10. The shoe 1115 includes one or more of the fluid passages 1 140 each 
having an inlet geometry that can receive a dart and/or a ball sealing member. In this 
manner, the fluid passages 1 140 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 1 130. 

The cup seal 1 1 20 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of the 
tubular member 1 1 10 adjacent to the expandable mandrel 1 105. The cup seal 1 120 
may comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cups modified in accordance 
with the teachings of the present disclosure. The cup seal 1 120 comprises a SIP cup, 
available from Halliburton Energy Services in Dallas, TX in order to optimally provide 
a barrier to debris and contain a body of lubricant. 

The fluid passage 1 130 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1 1 10 below the expandable mandrel 1 105. 
The fluid passage 1 130 is coupled to and positioned within the support member 1 150 
and the expandable mandrel 1 105. The fluid passage 1 1 30 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 1 105. The 
fluid passage 1 130 is preferably positioned along a centerline of the apparatus 1 100. 
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The fluid passage 1 130 is preferably selected to transport materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally provide sufficient operating 
pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1 135 permits fluidic materials to be transmitted from fluid 
passage 1 130 to the interior of the tubular member 1 1 10 below the mandrel 1 105. 

The fluid passages 1 140 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1 1 10 and shoe 1115. The fluid passages 
1 140 are coupled to and positioned within the shoe 1 1 15 in fluidic communication 
with the interior region of the tubular member 1110 below the expandable mandrel 
1 105. The fluid passages 1 140 preferably have a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the fluid passages 1 140 to thereby block 
further passage of fluidic materials. In this manner, the interior region of the tubular 
member 1110 below the expandable mandrel 1 105 can be fluidicly isolated from the 
region exterior to the tubular member 1 105. This permits the interior region of the 
tubular member 1110 below the expandable mandrel 1 105 to be pressurized. 

The fluid passages 1 140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1 140 are preferably selected to convey materials such 
as cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 11 10 and the tubular liner 1008 with fluidic materials. 
The fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passages 1 140 can be sealed off by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 1 130. The 
apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single inlet 
passage coupled to the fluid passages 1 140 that is adapted to receive a plug, or other 
similar device, to permit the interior region of the tubular member 1 1 10 to be fluidicly 
isolated from the exterior of the tubular member 1110. 

The seals 1 145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface of the 
lower end portion of the tubular member 1 1 10. The seals 1 145 permit the overlapping 
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joint between the upper end portion of the casing 10.2 and the lower end portion of the 
tubular member 1 1 10 to be fluidicly sealed. 

The seals 1 145 may comprise any number of conventional commercially 
ava„able seals such as, for example, lead, rubber, Teflon or epoxy seals modified in 
accordancewiththeteachingsofthepresentdisclosure. Tne seals ,145 comprise seals 
molded from Stratalock epoxy available from Halliburton Energy Services in Dallas 
TX ,n order to optimally provide a hydraulic seal in the overlapping joint and 
opnmaHy provide load carrying capacity to withstand the range of typical tensile and 
compressive loads. 

10 The seals 1 145 are selected to optimally provide a sufficient frictional force to 

support the expanded tubu,ar member 1 1 1 0 from the tubular liner 1 008. The frictional 
force provided by the seals 1 145 ranges from about 1,000 to 1,000,000 Ibf in tension 
and compression in order to optimally support the expanded tubular member 1110 

The support member 1150 is coupled to the expandable mandrel .105, tubular 
member 1 1 10, shoe 1 1 .5, and seal 1 ,20. The support member 1 ,50 preferably 
composes an annular member having sufficient strength to carry the apparatus , ,00 
mto the weilbore .000. The support member 1 150 further includes one or more 
conventual centralize, (not illustrated) to help stabilize the tubular member , „ 0 

A quantity of lubricant 1151 is provided in the annular region above the 
expandable mandrel 1 105 within the interior of the tubular member 11,0 In this 
manner, the extrusion of the tubular member 11.0 offof the expandable mandrel , ,05 
-s facilitated. The lubricant „ 5 1 may comprise any number of conventional 
commercially available lubricants such as, for example, Lubrip.ate, chlorine based 
lubricants or Climax 1500 Antiseize (3.00). The lubricant .151 comprises Climax 
1500 Antiseize (3.00) available from Climax Lubricants and Equipment Co in 
Houston, TX in order to optimally provide lubrication for the extrusion process 
The support member 1 1 50 is thoroughly cleaned prior to assembly to the 
remammg portions of the apparatus 1 ,00. In this manner, the introduction of foreign 
matena, into the apparatus 1,00 is minimized. This minimizes the possibility of 
fore.gn materia, clogging the various flow passages and valves of the apparatus 1 ,00 
and to ensure that no foreign materia, interferes with the expansion manure, , , 05 
during the extrusion process. 
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Tlic apparatus 1 100 includes a packer 1 155 coupled to the bottom section of the 
shoe U 15 for fluidicly isolating the region of the wellbore 1000 below the apparatus 
1 1 00. In this manner, fluidic materials are prevented from entering the region of the 
wellbore .000 be.ow the apparatus . .00. The packer . .55 may comprise any number 
of conventional commercially available packers such as, for examp.e, EZ Drill Packer 
EZ SV Packer or a dri.lable cement retainer. The packer 1 1 55 comprises an EZ Drill ' 
Packer available from Halliburton Energy Services in Dallas, TX. In an alternative 
embodiment, a high gel strength pill may be set below the tie-back in place of the 
packer 1 .55. In another alternative embodiment, the packer 1 155 may be omitted 
Before or after positioning the apparatus 1 100 within the wellbore 1.00 a 
couple of wellbore volumes are circulated in order to ensure that no foreign materials 
are located within the wellbore 1000 that might Cog up the various flow passages and 
valves of the apparatus 1 .00 and to ensure that no foreign materia, interferes with the 
operation of the expansion mandrel 1 1 05. 

As illustrated in Fig. I 0c , a hardenable fluidic sealing material 1 160 is then 
pumped from a surface location into the fluid passage 1,30. The materia. 1 ,60 then 
passes from the fluid passage . 130 into the interior region of the tubu.ar member . , 10 
be,ow the expandable mandrel ,105. The material „60 then passes from the interior 
reg,on of the tubu.ar member 1110 into the fluid passages , ,40. The materia, 1 ,60 
then exits the apparatus . ,00 and fi„s the annu.ar region between the exterior of the 
tubu,ar member , 1 ,0 and the interior wall of the tubu.ar liner 1008. Continued 
pumptng of the material 1 ,60 causes the material 1 160 to fill up at leas, a portion of 
the annular region. 

The material 1 160 m ay be pumped into te ^ regfo „ „ ^ ^ ' 

rates rangtng, for example, from about 0 to 5,000 psi and 0 ,0 1 ,500 gallons/mm 
respective*. The materia, , .60 is pumped into the annuiar region a. pressures and 
^^^fi^^gnedf^^caa^ ste being ^.^^^^ 
filled, (he pumping equipment available, and the properties of the fluid being pumped 
The ophmum flow ra.es and pressures are preferably ealculared using convendonal 
ou empirical methods. 

The hardenable fluidic sealing materia, , ,60 may comprise any number of 
conventtonal commercially available hardenable fluidic sealing materials such as, for 

-44- 



• • • 

• « 



( 2579i.07.i2 ". : :': , ". 

•*• « t • I « • , 

•.• \ ■ |*L74402#O* ■ 

«-*.*!.■».«««, w haKfcnable nuioicsea , ingmaleriall • 

compnses blended cemeoB speciflca||y ^.^ for seaion 

available from Halliburton Energy Services in rtallac tv ■ , 

IByMrv,ces| n Dallas, TX in order to optimally provide 

^^f»^e.„b„,ar m e m ber,,,0^,e n ^ nlai „ i „ 6optiraumnow yP 

™r " 7 '° -*«~ - 

cement ,„ „ ^ ref , ion me ^ rf ^ ^ 

preferably detennined using conventional empirica , me , hod!! 

^annularregionmaybefiHedwiththenraterial 1 IbO in suflicient quantities 
will be filled with material 1 160. 

ASi ' IWinR 8'0d.on«thea™„, 8Ireeionhas ^ nad ||e<f 

toe .bo lar ^ , , 10 f[om fc ^ ^ ^ ^ ^ . 

Anonhardenablenuidic.atena, 1,6, i sd 1 e„ P o mp ed intl> , hei „ ttriorregionofthe 
•ubolar member , lnmmt , ^ , |M causjng ^ infcrior ^ « ^ 

TWormoreplugs .'65.or«ber3i m i,a,deviee S .are,„nod U eedi„,„ U ,e flui d ' 
F»age 1 40 with Ore introdlKliw oflhc „ ^ « 

manner, the an™,* of hardenable floidie mafcria, within the interior of the tubular 
20 member mo is minimized. ctuouiar 

As illustrated in F ig. 10e. <mce the interior region becomes sufficiently 

"ZT t 1 *"'" member " 10 is eMraded off of — - '05. 

Durtng .he exfnston process, ft. expandable mand re l , ,05 fa raised ou. of me 
expanded portion of the tubular member 1110. 

25 ^^''"^P-ferably^acedintoftefluidpassageslNOby 

~a- "tanner. ™ep,„g3 1I65TOy — mymmlw 
cumme^,^^^^^^^ ^ 

30 r*2r-*" w — 
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The plugs 1 165 comprise low density rubber balls. In an alternative 
embodiment, for a shoe 1 ,05 having a common central inlet passage, the plugs 1 .65 
comprise a single lacch down dart. 

After placement of In. plugs 1 165 in Che fluid passages 1 140. .he non 
5 hardenable fluidic material 116] is preferably p Umpe d to fc inlerior Kgion of ^ 
fubufar member 1,10 below *, ^ «, , ,„ 5 a , pressures ^ flow ^ ^ 

approximalely 500 lo 9,000 psi and 40 to 3,000 gallons/min. 
After placemen, of phrgs 1 165 in the fluid passages 1 ,40, ,he non hardenabk 
flu,d,c material im is preferably pumped imo rhe interior region of me rubular 
10 member II 10 below Ore mandtel 1 ,05 a, pressures and flow rates ranging from 
approximately ,200 «„ 8500 psi and 40 fo 1250 gallons/min in order ,o „p,ima,,y 
provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion ofthe tubular member 1110 
offoftheexpandablemandre. 1 ,05 wi,. begin when the pressure ofthe interior region 
15 ofthe tubular member 1 1 10 below the mandrel 1 105 reaches, for example 

approximately 1200 to 8500 psi. The extrusion ofthe tubular member 1 1 10 off of the 
expandable mandrel 1 1 05 begins when the pressure ofthe interior region ofthe tubular 
member 1 1 10 below the mandrel 1 105 reaches approximately 1200 to 8500 psi. 

During the extrusion process, the expandable mandrel 1 105 may be raised out 
of the expanded portion ofthe tubular member „ , 0 at rates ranging, for example 
from about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel „ 05 is 
rased out ofthe expanded portion ofthe tubular member 1 1 10 at rates ranging from 
about 0 to 2 ft/sec in order to optimally provide permit adjustment of operational 
parameters, and optimally ensure that the extrusion process will be completed before 
25 the material 1 160 cures. 

At least a portion 1 180 ofthe tubular member 1 1 10 has an internal diameter 
less than the outside diameterof the mandrel 1105. In this manner, when the mandrel 
1 105 expands the section 1 1 80 ofthe tubular member 1 1 10, a, least a portion ofthe 
expanded section MSOefTectsaseal with atleast the wel.bore casing 1012. Thesealis 
effected by compressing the seals 1 ,45 between the expanded section 1 .80 and the 
wellbore casing ,0,2. The contact pressure of the joint between the expanded section 
1180 of the tubular member l„0and the casing 10,2 ranges from about 500 to ,0000 
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PSi 0tder 10 0p * ima " y provide <" activate the sealing member I I4S and ' 

prov.de „p, ima , TOisance , 0 e „ sure ^ te jo . w wj|| w . ihaand ^ ^ 

tensile and compressive loads. 

S " b ^' tall >' all °f lh «"'-leng<hof,he l „bu, arm e m b e r, 1I Ohas Mi „ ten1al 
d^e^^^o^^^^^ Inlhjs 

of the tubular member 1 1 10 by the mandrel 1,05 results i„ comae, ^ 
substantia^ tf of the exuded tubular member „ ,0 and the raislmg ^ , „„, 
ITe contact pressure of thejoin, bMween me ^ ^ ( ^ 

^««-»H.-*.ta^ J »,., M1 ,* ta|llfc| , 
prov.de preasure „ activaK „, 5ea|i „ g „ , ^ ^ ^ ^ 

o ensure tha, dte join, win withsund typical extremes of KlBi , e and enmpressive 
loads. 

ToeoperaUngpreaanreandflowra.eof.hema.erial 1161 is controllably 
ramped do™ when fc rapandable ^ , , ^ fc ^ 

tubular member ,„„.,„ this maMler , to sudde „ ^ rf ^ ^ 
complete extnraion of the tubular member 1 , ,0 off of the expandable mandrel 1 1 05 
can be minimized. lire openni,* press** ofmeftuidicnutterial >m 

U „e*r ^ fem 100% „ ^ ^ ^ fc ^ ^ ^ ^ 

process beginning when the mam^l , ,05 haa completed approximaely all butabouts 
> feet of the extrusion process. 

Alternatively, or in combinadon, , shock absorber ia p ro vided in the support 
member 1 150 in otder ,„ absorb the shock caused by me sudden release of presaure 

Alternatively, or in combination, a mandrel catching structure ia provided in the 
upper end poHion of the tubtdar member 11,0 in order to catch or a, leaa. decelerate 
the mandrel 1105. 

Referring ,„ Fig. ,0f, once the exmsion preceaa is compared, me expandab,e 
--Mil 05 is removed ft™ the wellbme 1000. Elmer before or after the removal 
of the expandable m„,drel 1 ,05. the integrity of the fluidic seal of tbe join, between 
^^^^^^^^^^ 
' 108 , a teated usmg conventional methods. ,f the ftuidie aea, of the join, berween the 
upper ponion of tbe tubular member 1 1 ,0 and the upper portion of the tubular liner 
.008 ,a sansfactoo,, men the uncured ponion „f ^ malCTial , 1M ^ ^ 
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,ubu,ar member 1 1 10 is ,hen removed in . convenliona , ^ ^ ^ 

wuhm .he annular region between ,he .ubular member , „0 and ,he lub ular liner ,008 
is then allowed to cure. 

Asilte,raMi " F *'0f.prefe ra blyan yrem ainingcr. re drn a ,eria 11 16O„ il hi„ 
.he ,n,erior of ,he expanded lubular member , , ,„ „ ^ removed fa a 

manner using a cnnvenuona, drill string. The resolfog .ie-back liner of casing 1 1 70 
"dudes me expanded .ubular member 1 , 10 and an ou.er annular layer 1175 of cured 
material 1160. 

AsillusuatedinFig. 1 Og,ute remaining bodom p<mi„„ „f me apparatlB IIOO 
crxuprisingtheahoe ,1,5 a„ dp ac k e, 1 ,55 is men preferably removed by drilling „„, 
tile shoe 1115 and packer 1 1 55 using conventional drilling melhods. 

The apparatus 1 100 incorporates the appanuus 900. 

Refem„g„o„,„ Fig , Ma-llf^appara.usaodmemodforhaoginga.ubular 
mer offofan exisling we||bore ^ ^ m ^ ^ ^ 

1 la, a weflbore ,200 is posiuoned in a subterranean formation ,205. The weHbore 
1200 .ncludes an exisdng cased seaion 12 10 having a. ubular casing I215 m dan 
annular outer layer of cemenl 1 220. 

'"^'"-'^mewellbore^OOimomesubtoaneanro^in,,,^ . 
*'"«*8'225isuseni„awe,,know„ n , an „ erloWlou|maIeria|f . omihe ' 

20 subterranean fonnalion 1205 to form a new section 1230. 

AailluaratedinFig. 1 1 b, an appanKus ,300 for forming a wellbore casing in a 
subterranean fonnarion is Uten positared in me newsecrion ,230 ofme wellborn ,00 

^~"oo P ^ )y ^ esmexpa ^ te ^ |Mpigi3M>tobute 

member ,3,0, a shoe ,3,5, , fluid passage ,320, a fluid passage ,330, a fluid passage 
1335, seals 1340, asupport member 1345, and a wiper plug ,350 

The expandable mandrel 1305 is coupled ,o and supported by me support 
member ,345. Tne expandable mandre, ,305 is pmferabiy adap.ed ,o M n*o„ab,y 

-pandmaradiaidimcion. The expandable martdra, 1305 may comprise any number 
of convene conlmercia „ y avai|ab|e ^ ^ ^ 

wrthd.e.eachingsof.hepresen.discosure. The cxpandab,e mandre, ^comprises 
a hydrauhc expansion tool subsuuuia,,, as disclosed in U.S. Pa,. No. 5,348,095 .he 
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disclosure of which is ioco^ ^ by referenM> ^ 
the teachings of the present disclosure. 

The tubular member 1310is coupled ,„ and supported by the expandable 
mandre.,305. ^•ubular.e.bemiOisp.fe.blyexpandedinU.eradialdirec.ion 
andex.nrded off of Ure expandable mandrel 1305. The tubular member ,3,0maybe 
fabncaeed from a„ y num5er of maleria|s ^ ^ ^ ^ 

Tubular Goods (OCTO), , 3 chromium aee, robing or piastic casing The 
uabular member .3 ,0 is fabrica,ed from OCTG. The taer and „u,er diamerera of.be 
rubu a, member 1310 may range, for example, from approximately 0.75 .047 inches 
and 1.05 ,048 inches. respectively. Thetaerand„u,erdi a me.e re „f„e, u b ula r 
member 13,0 range mom about 3 ,o ,5.5 inches am, 3.5 to ,6 inches, respectively in 
order .„ opdmally provide minimal telescoping effect in the most commonly 
encountered wellbore sizes. 

™= ,u Marmemb.rl3,0incl U desa„up P erpo,,,< > „ 1 355,ani„ t ennedia.e 
ponton 1 360, and a lower ponton 1365. The w all „i ck „ess and outer diameter of the 
upper ponion ,355 of the .ubula, member ,3,0 r»ge from abo«3/8 to 
3 2 to 16 mches, respectively. The wall thickness and outer diameter of the 
■ntetmediale ponion ,360 of ,he tulntla, member 13,0 range tarn abmt, 0.625 ,o0 75 
mches and 3 to 19 inches, tespectively. The wal. mickness and outer dianteter of the 
ower ponitm ,365 of the tubular member ,310 range from about 3/8 ,„ ,.5 inches and 
3.5 to 16 inches, respectively. 

The outer diameter of the lower ponion 1365 of the tubular member 13,0 is 
signify Ies s man the outer diamete, of the upper and immediate ponim*. 1355 
"d 1 360, of the tubular member 13 10 in order to optimize the formation ofa 
concentric and overlapping anangemen, of wellborn casing, ,„ Ms manner> . w „, 
be described below with reference w Figs . 12 mi l3> . we , |hea(i ^ fc _ 

provtded. The formation ofa wellhead system does no, include d,. use ofa 
hardenable fluidic material. 

The wall thickness of the intermediate section 1360 of the tubular member 1310 
•s less than or eoual to the wal. thickness of the upper and lower sections, 1 355 and 
1365, of the tubular member 1310 in order to optima.ly facilitate the initiation of the 
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extrusion process and optimally permit the placement of the apparatus in areas of the 
wellbore having tight clearances. 

The tubular member 13 10 preferably comprises a solid member. The upper end 
portion 1355 of the tubular member 1310 is slotted, perforated, or otherwise modified 
to catch or slow down the mandrel 1305 when it completes the extrusion of tubular 
member 1310. The length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 13 1 5 is coupled to the tubular member 1 3 1 0. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 13 15 may comprise anv 
number of conventional commercially available shoes such as, for example, Super Seal 
II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing sleeve for 
a latch-down plug modified in accordance with the teachings of the present disclosure. 
The shoe 13 1 5 comprises an aluminum down-jet guide shoe with a sealing sleeve for a 
latch-down plug available from Halliburton Energy Services in Dallas, TX, modified 
m accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 1310 into the wellbore .200, optimally fluidicly isolate the interior 
of the tubular member 1 310, and optimally permit the complete drill out of the shoe 
1315 upon the completion of the extrusion and cementing operations. 

The shoe 1315 further includes one or more side outlet ports in fluidic 
communication with the fluid passage 1330. In this manner, the shoe 1315 preferably 
injects hardenable fluidic sealing material into the region outside the shoe 1315 and 
tubular member 1310. The shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member. In this manner, the fluid passage 
1330 can be sealed off by introducing a plug, dart and/or ball sealing elements into the 
fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from 
the mterior region of the tubular member 1310 below the expandable mandrel 1305 
The fluid passage 1320 is coupled to and positioned within the support member 1345 
and theexpandable mandrel 1305. The fluid passage .320 preferably extends from a 
pos,«,on adjacent to the surface to the bottom of the expandable mandrel 1305 The 
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fluid passage 1320 is preferably positioned along a centerline of the apparatus 1300.' 
The fluid passage 1320 is preferably selected to transport materials such as cement, 
drilling mud, or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally provide sufficient operating 
pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1330 
is coupled to and positioned within the shoe 1315 in fluidic communication with the 
interior region 1370 of the tubular member 13 10 below the expandable mandrel 1305. 
The fluid passage 1330 preferably has a cross-sectional shape that permits a plug, or 
other similar device, to be placed in fluid passage 1330 to thereby block further 
passage of fluidic materials. In this manner, the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 can be fluidicly isolated from the 
region exterior to the tubular member 1310. This permits the interior region 1370 of 
thetubularmemberl310belowtheexpandablemandrel 1305 to be pressurized. The 
fluid passage 1330 is preferably positioned substantially along the centerline of the 
apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 with 
fluidic materials. The fluid passage 1330 includes an inlet geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 
is coupled to and positioned within the shoe 1315 in fluidic communication with the 
fluid passage 1330. The fluid passage 1335 is preferably positioned substantially 
along the centerline of the apparatus 1300. The fluid passage 1335 is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 



-51- 



2579 ' 07 -' 2 . : : • •:• UuAAfofa. : 

optimally fill the annular region between the tubular member 13 10 and the new section 
1230 of the wellbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1 355 of 
the tubular member 1310. The seals 1340 are further positioned on an outer surface of 
the upper end portion 1355 of the tubular member 1310. The seals 1340 permit the 
overlapping joint between the lower end portion of the casing 1215 and the upper 
portion 1 355 of the tubular member 1 3 1 0 to be fluidicly sealed. The seals 1 340 may 
comprise any number of conventional commercially available seals such as, for 
example, lead, rubber, Teflon, or epoxy seals modified in accordance with the 
teachings of the present disclosure. The. seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order to 
optimally provide a hydraulic seal in the annulus of the overlapping joint while also 
creating optimal load bearing capability to withstand typical tensile and compressive 
loads. 

The seals 1340 are selected to optimally provide a sufficient frictional force to 
support the expanded tubular member 1310 from the existing casing 1215. The 
frictional force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 
order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, tubular 
member 1310, shoe 13 15, and seals 1340. The support member 1345 preferably 
comprises an annular member having sufficient strength to carry the apparatus 1 300 
into the new section 1230 of the wellbore 1200. The support member 1345 further 
includes one or more conventional centralizers (not illustrated) to help stabilize the 
tubular member 1310. 

The support member 1345 is thoroughly cleaned prior to assembly to the 
remaining portions of the apparatus 1300. In this manner, the introduction of foreign 
material into the apparatus 1300 is minimized. This minimizes the possibility of 
foreign material clogging the various flow passages and valves of the apparatus 1300 
and to ensure that no foreign material interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior region 
1 370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 1375 
that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise one or 



-52- 



• • • 

• « 



< 2579,07 ,2 •:-4«4dMo4": 

more conventional commercially available wiper plugs such as, for example, Multiple 
Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper latch-down 
plug modified in accordance with the teachings of the present disclosure. The wiper 
plug 1350 comprises a Multiple Stage Cementer latch-down plug available from 
5 Halliburton Energy Services in Dallas, TX modified in a conventional manner for 
releasable attachment to the expansion mandrel 1305. 

Before or after positioning the apparatus 1300 within the new section 1230 of 
the wellbore 1200, a couple of wellbore volumes are circulated in order to ensure that 
no foreign materials are located within the wellbore 1200 that might clog up the 

10 various flow passages and valves of the apparatus 1 300 and to ensure that no foreign 
material interferes with the extrusion process. 

As illustrated in Fig. 1 1c, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 

15 interior region 1370 of the tubular member 1310 below the expandable mandrel 1305. 
The material 1380 then passes from the interior region 1370 into the fluid passage 
1330. The material 1380 then exits the apparatus 1300 via the fluid passage 1335 and 
fills the annular region 1390 between the exterior of the tubular member 13 10 and the 
interior wall of the new section 1230 of the wellbore 1200. Continued pumping of the 

20 material 1 380 causes the material 1 380 to fill up at least a portion of the annular region 
1390. 

The material 1380 may be pumped into the annular region 1390 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 
gallons/min, respectively. The material 1380 is pumped into the annular region 1390 

25 at pressures and flow rates ranging from about 0 to 5000 psi and 0 to 1,500 

gallons/min, respectively, in order to optimally fill the annular region between the 
tubular member 1310 and the new section 1230 of the wellbore 1200 with the 
hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 

30 conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. The hardenable fluidic sealing material 1380 
comprises blended cements designed specifically for the well section being drilled and 
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available from Halliburton Energy Services in order to optimally provide support for 
the tubular member 1310 during displacement of the material 1380 in the annular 
region 1390. The optimum blend of the cement is preferably determined using 
conventional empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1310, the 
annular region 1390 of the new section 1230 of the wellbore 1200 will be filled with 
material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other similar device, is introduced into 
the fluid passage 1320. The wiper dart 1395 is preferably pumped through the fluid 
passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 then 
preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, engagement of the wiper dart 1395 with the wiper 
plug 1350 causes the wiper plug 1350 to decouple from the mandrel 1305. The wiper 
dart 1395 and wiper plug 1350 then preferably will lodge in the fluid passage 1330, 
thereby blocking fluid flow through the fluid passage 1330, and fluidicly isolating the 
interior region 1370 of the tubular member 1310 from the annular region 1390. The 
non hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 becomes 
sufficiently pressurized, the tubular member 13 10 is extruded off of the expandable 
mandrel 1305. During the extrusion process, the expandable mandrel 1305 is raised 
out of the expanded portion of the tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1 395 into the fluid passage 1 320 at a surface location in a 
conventional manner. The wiper dart 1395 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three wiper 
latch-down plug/dart modified in accordance with the teachings of the present 
disclosure. The wiper dart 1395 comprises a three wiper latch-down plug modified to 
latch and seal in the Multiple Stage Cementer latch down plug 1350. The three wiper 
latch-down plug is available from Halliburton Energy Services in Dallas, TX. 



-54- 



• * 9 
• • « 

• • • 



( 25791.07.12 

After blocking the ftuid passage 1330 using the wiper plug 1330 and wiper dart 
1395, the non hardenable fluidic material 1381 may be pumped into the interior region 
1 370 at pressures and flow rates ranging, for example, from approximately 0 to 5000 
ps. and 0 to 1 ,500 gallons/min in order to optimally extrude the tubular member 1310 
5 off of the mandrel 1305. In this manner, the amount of hardenable fluidic material 
within the interior of the tubular member 13 10 is minimized. 

After blocking the fluid passage 1330, the non hardenable fluidic material 1381 
is preferably pumped into the interior region 1370 at pressures and flow rates ranging 
from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in order to optimally 
1 0 prov.de operating pressures to maintain the expansion process at rates sufficient to 
permit adjustments to be made in operating parameters during the extrusion process. 

For typical tubular members 1310, the extrusion of the tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior region 
1370 reaches, for example, approximately 500 to 9,000 psi. The extrusion of the 
15 tubular member 1310 off of the expandable mandre! 1305 is a function of the tubular 
member diameter, wall thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield 
strength of the tubular member. The optimum flow rate and operating pressures are 
preferably determined using conventional empirical methods. 
20 During the extrusion process, the expandable mandrel 1305 may be raised out 

of the expanded portion of the tubular member 1310 at rates ranging, for example, 
from about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 1305 is 
ra,sed out of the expanded portion of the tubular member 1310 at rates ranging from 
about 0 to 2 ft/sec in order to optimally provide an efficient process, optimally permit 
25 operator adjustment of operation parameters, and ensure optimal completion of the 
extrusion process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 13 10 is extruded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1 355 of the 
tubular member 1310 will preferably contact the interior surface of the lower end 
30 portion of the casing 1215 to form an fluid tight overlapping joint. The contact 

pressure of the overlapping joint may range, for example, from approximately 50 to 
20,000 psi. The contact pressure of the overlapping joint ranges from approximately 
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400 to 10,000 psi in order to optimally provide contact pressure sufficient to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 
compressive loads. The sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overlapping joint. 
5 The operating pressure and flow rate of the non hardenable fluidic material 

1 38 1 is controllably ramped down when the expandable mandrel 1305 reaches the 
upper end portion 1355 of the tubular member 1310. In this manner, the sudden 
release of pressure caused by the complete extrusion of the tubular member 1310 off of 
the expandable mandrel 1305 can be minimized. The operating pressure is reduced in 
10 a substantially linear fashion from 100% to about 10% during the end of the extrusion 
process beginning when the mandrel 1305 has completed approximately all but about 5 
feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of pressure. 
1 5 Alternatively, or in combination, a mandrel catching structure is provided in the 

upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. Either before or after the removal of the expandable 
20 mandrel 1 305, the integrity of the fluidic seal of the overlapping joint between the 
upper portion 1355 of the tubular member 13 10 and the lower portion of the casing 
1215 is tested using conventional methods. If the fluidic seal of the overlapping joint 
between the upper portion 1355 of the tubular member 1310 and the lower portion of 
the casing 1215 is satisfactory, then the uncured portion of the material 1380 within the 
25 expanded tubular member 1 3 10 is then removed in a conventional manner. The 
material 1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 within 
the interior of the expanded tubular member 1310 is then removed in a conventional 
manner using a conventional drill string. The resulting new section of casing 1400 
30 includes the expanded tubular member 1310 and an outer annular layer 1405 of cured 
material 305. The bottom portion of the apparatus 1300 comprising the shoe 1315 may 
then be removed by drilling out the shoe 1315 using conventional drilling methods. 



-56- 



25791.07.12 HL74402/004 

Referring now to Figs. 12 and 13, a wellhead system 1500 formed using one or 
more of the apparatus and processes described above with reference to Figs. 1-1 If will 
be described. The wellhead system 1500 preferably includes a conventional Christmas 
tree/drilling spool assembly 1 505, a thick wall casing 15 10, an annular body of cement 
1515, an outer casing 1520, an annular body of cement 1525, an intermediate casing 
1530, and an inner casing 1535. 

The Christmas tree/drilling spool assembly 1505 may comprise any number of 
conventional Christmas tree/drilling spool assemblies such as, for example, the SS-1 5 
Subsea Wellhead System, Spool Tree Subsea Production System or the Compact 
Wellhead System available from suppliers such as Dril-Quip, Cameron or Breda, 
modified in accordance with the teachings of the present disclosure. The drilling spool 
assembly 1505 is preferably operably coupled to the thick wall casing 1510 and/or the 
outer casing 1520. The assembly 1505 may be coupled to the thick wall casing 1510 
and/or outer casing 1520, for example, by welding, a threaded connection or made 
from single stock. The assembly 1505 is coupled to the thick wall casing 1510 and/or 
outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a wellbore 1540. 
At least a portion of the thick wall casing 1510 extends above the surface 1 545 in order 
to optimally provide easy access and attachment to the Christmas tree/drilling spool 
assembly 1505. The thick wall casing 1510 is preferably coupled to the Christmas 
tree/drilling spool assembly 1505, the annular body of cement 1515, and the outer 
casing 1520. 

The thick wall casing 1510 may comprise any number of conventional 
commercially available high strength wellbore casings such as, for example, Oilfield 
Country Tubular Goods, titanium tubing or stainless steel tubing. The thick wall 
casing 1510 comprises Oilfield Country Tubular Goods available from various foreign 
and domestic steel mills. The thick wall casing 15 10 has a yield strength of about 
40,000 to 135,000 psi in order to optimally provide maximum burst, collapse, and 
tensile strengths. The thick wall casing 1510 has a failure strength in excess of about 
5,000 to 20,000 psi in order to optimally provide maximum operating capacity and 
resistance to degradation of capacity after being drilled through for an extended time 
period. 
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The annular body of cement 1515 provides support for the thick wall casing 
1510. The annular body of cement 1515 may be provided using any number of 
conventional processes for forming an annular body of cement in a wellbore. The 
annular body of cement 1515 may comprise any number of conventional cement 
5 mixtures. 

The outer casing 1520 is coupled to the thick wall casing 15 10. The outer 
casing 1520 may be fabricated from any number of conventional commercially 
available tubular members modified in accordance with the teachings of the present 
disclosure. The outer casing 1520 comprises any one of the expandable tubular 

1 0 members described above with reference to Figs. 1-1 If. 

The outer casing 1520 is coupled to the thick wall casing 1510 by expanding 
the outer casing 1520 into contact with at least a portion of the interior surface of the 
thick wall casing 1510 using any one of the embodiments of the processes and 
apparatus described above with reference to Figs. 1-1 If. In an alternative embodiment, 

15 substantially all of the overlap of the outer casing 1520 with the thick wall casing 1510 
contacts with the interior surface of the thick wall casing 1510. 

The contact pressure of the interface between the outer casing 1520 and the 
thick wall casing 15 10 may range, for example, from about 500 to 1 0,000 psi. The 
contact pressure between the outer casing 1 520 and the thick wall casing 1510 ranges 

20 from about 500 to 1 0,000 psi in order to optimally activate the pressure activated 
sealing members and to ensure that the overlapping joint will optimally withstand 
typical extremes of tensile and compressive loads that are experienced during drilling 
and production operations. 

As illustrated in Fig. 13, the upper end of the outer casing 1520 includes one or 

25 more sealing members 1 550 that provide a gaseous and fluidic seal between the 

expanded outer casing 1520 and the interior wall of the thick wall casing 1510. The 
sealing members 1550 may comprise any number of conventional commercially 
available seals such as, for example, lead, plastic, rubber, Teflon or epoxy, modified in 
accordance with the teachings of the present disclosure. The sealing members 1550 

30 comprise seals molded from StrataLock epoxy available from Halliburton Energy 

Services in order to optimally provide an hydraulic seal and a load bearing interference 
fit between the tubular members. The contact pressure of the interface between the 
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thick wall casing 15 10 and the outer casing 1520 ranges from about 500 to 10,000 psi 
in order to optimally activate the sealing members 1550 and also optimally ensure that 
the joint will withstand the typical operating extremes of tensile and compressive loads 
during drilling and production operations. 

The outer casing 1 520 and the thick walled casing 1 5 10 are combined in one 
unitary member. 

The annular body of cement 1 525 provides support for the outer casing 1 520. 
The annular body of cement 1525 is provided using any one of the embodiments of the 
apparatus and processes described above with reference to Figs. 1-1 If. 

The intermediate casing 1 530 may be coupled to the outer casing 1 520 or the 
thick wall casing 1510. The intermediate casing 1 530 is coupled to the thick wall 
casing 1510. The intermediate casing 1530 may be fabricated from any number of 
conventional commercially available tubular members modified in accordance with the 
teachings of the present disclosure. The intermediate casing 1530 comprises any one 
of the expandable tubular members described above with reference to Figs. 1-1 If. 

The intermediate casing 1 530 is coupled to the thick wall casing 1 5 1 0 by 
expanding at least a portion of the intermediate casing 1530 into contact with the 
interior surface of the thick wall casing 1510 using any one of the processes and 
apparatus described above with reference to Figs. 1-1 If. The entire length of the 
overlap of the intermediate casing 1530 with the thick wall casing 15J0 contacts the 
inner surface of the thick wall casing 1510. The contact pressure of the interface 
between the intermediate casing 1 530 and the thick wall casing 1510 may range, for 
example from about 500 to 10,000 psi. The contact pressure between the intermediate 
casing 1530 and the thick wall casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing members and to optimally 
ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, the upper end of the intermediate casing 1530 includes 
one or more sealing members 1560 that provide a gaseous and fluidic seal between the 
expanded end of the intermediate casing 1530 and the interior wall of the thick wall 
casing 15 10. The sealing members 1 560 may comprise any number of conventional 
commercially available seals such as, for example, plastic, lead, rubber, Teflon or 
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epoxy, modified in accordance with the teachings of the present disclosure. The j 
sealing members 1 560 comprise seals molded from StrataLock epoxy available from ; 
Halliburton Energy Services in order to optimally provide a hydraulic seal and a load 
bearing interference fit between the tubular members. 

i 

5 The contact pressure of the interface between the expanded end of the 

intermediate casing 1530 and the thick wall casing 1510 ranges from about 500 to \ 
1 0,000 psi in order to optimally activate the sealing members 1 560 and also optimally 
ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads that are experienced during drilling and production operations. 

10 The inner casing 1 535 may be coupled to the outer casing 1 520 or the thick 

wall casing 1510. The inner casing 1535 is coupled to the thick wall casing 1510. The 
inner casing 1535 may be fabricated from any number of conventional commercially 
available tubular members modified in accordance with the teachings of the present 
disclosure. The inner casing 1 535 comprises any one of the expandable tubular 

1 5 members described above with reference to Figs. 1 - 1 1 f. 

The inner casing 1 535 is coupled to the outer casing 1520 by expanding at least 
a portion of the inner casing 1535 into contact with the interior surface of the thick 
wall casing 1510 using any one of the processes and apparatus described above with 
reference to Figs. 1 - 1 i f. The entire length of the overlap of the inner casing 1 535 with 

20 the thick wall casing 1 5 1 0 and intermediate casing 1 530 contacts the inner surfaces of 
the thick wall casing 1510 and intermediate casing 1530. The contact pressure of the 
interface between the inner casing 1535 and the thick wall casing 1510 may range, for 
example from about 500 to 10,000 psi. The contact pressure between the inner casing 
1 535 and the thick wall casing 1510 ranges from about 500 to 1 0,000 psi in order to 

25 optimally activate the pressure activated sealing members and to ensure that the joint 
will withstand typical extremes of tensile and compressive loads that are commonly 
experienced during drilling and production operations. 

As illustrated in Fig. 13, the upper end of the inner casing 1535 includes one or 
more sealing members 1570 that provide a gaseous and fluidic seal between the 

30 expanded end of the inner casing 1535 and the interior wall of the thick wall casing 
1510. The sealing members 1 570 may comprise any number of conventional 
commercially available seals such as, for example, lead, plastic, rubber, Teflon or 
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epoxy, modified in accordance with the teachings of the present disclosure. The 
sealing members 1570 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal and a load 
bearing interference fit. The contact pressure of the interface between the expanded 
end of the inner casing 1535 and the thick wall casing 1510 ranges from about 500 to 
10,000 psi in order to optimally activate the sealing members 1570 and also to 
optimally ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads that are experienced during drilling and production operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, may be 
coupled to a previously positioned tubular member that is in turn coupled to the outer 
casing 1510. Such arrangements may be used to form a concentric disposition of 
tubular members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a method and 
apparatus for forming a mono-diameter well casing within a subterranean formation 
5 will now be described. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. The 
first section of casing 1610 includes an annular outer body of cement 1615 and a 
tubular section of casing 1620. The first section of casing 1610 may be formed in the 
wellbore 1600 using conventional methods and apparatus. The first section of casing 
1610 is formed using one or more of the methods and apparatus described above with 
reference to Figs. 1-13 or below with reference to Figs. 14b- 17b. 

The annular body of cement 1615 may comprise any number of conventional 
commercially available cement, or other load bearing, compositions. Alternatively, the 
body of cement 1615 may be omitted or replaced with an epoxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 and a 
lower end 1630. Preferably, the lower end 1625 of the tubular section of casing 1620 
includes an outer annular recess 1635 extending from the lower end 1630 of the 
tubular section of casing 1620. In this manner, the lower end 1625 of the tubular 
section of casing 1620 includes a thin walled section 1640. An annular body 1645 ofa 
compressible material is coupled to and at least partially positioned within the outer 
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annular recess 1635. In this manner, the body of compressible material 1645 
surrounds at least a portion of the thin walled section 1640. 

The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, stainless steel, automotive grade steel, carbon steel, low alloy steel, 
fiberglass or plastics. The tubular section of casing 1620 is fabricated from oilfield 
country tubular goods available from various foreign and domestic steel mills. The 
wall thickness of the thin walled section 1640 may range from about 0. 1 25 to 1 .5 
inches. The wall thickness of the thin walled section 1640 ranges from 0.25 to 1.0 
inches in order to optimally provide burst strength for typical operational conditions 
while also minimizing resistance to radial expansion. The axial length of the thin 
walled section 1640 may range from about 120 to 2400 inches. The axial length of the 
thin walled section 1640 ranges from about 240 to 480 inches. 

The annular body of compressible material 1645 helps to minimize the radial 
force required to expand the tubular casing 1620 in the overlap with the tubular 
member 1715, helps to create a fluidic seal in the overlap with the tubular member 
1715, and helps to create an interference fit sufficient to permit the tubular member 
1715 to be supported by the tubular casing 1620. The annular body of compressible 
material 1645 may comprise any number of commercially available compressible 
materials such as, for example, epoxy, rubber, Teflon, plastics or lead tubes. The 
annular body of compressible material 1645 comprises StrataLock epoxy available 
from Halliburton Energy Services in order to optimally provide an hydraulic seal in the 
overlapped joint while also having compliance to thereby minimize the radial force 
required to expand the tubular casing. The wall thickness of the annular body of 
compressible material 1645 may range from about 0.05 to 0.75 inches. The wall 
thickness of the annular body of compressible material 1645 ranges from about 0.1 to 
0.5 inches in order to optimally provide a large compressible zone, minimize the radial 
forces required to expand the tubular casing, provide thickness for casing strings to 
provide contact with the inner surface of the wellbore upon radial expansion, and 
provide an hydraulic seal. 

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean formation 1605, a drill string is used in a well known manner to drill out 
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material from the subterranean formation 1605 to form a new wellbore section 1650. 
The diameter of the new section 1 650 is preferably equal to or greater than the inner 
diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, an apparatus 1700 for forming a mono-diameter 
wellbore casing in a subterranean formation is then positioned in the new section 1650 
of the wellbore 1600. The apparatus 1700 preferably includes a support member 1705, 
an expandable mandrel or pig 1710, a tubular member 1715, a shoe 1720, slips 1725, a 
fluid passage 1730, one or more fluid passages 1735, a fluid passage 1740, a first 
compressible annular body 1745, a second compressible annular body 1750, and a 
pressure chamber 1755. 

The support member 1705 supports the apparatus 1700 within the wellbore 
1600. The support member 1705 is coupled to the mandrel 1710, the tubular member 
1715, the shoe 1720, and the slips 1725. The support member 1075 preferably 
comprises a substantially hollow tubular member. The fluid passage 1730 is 
positioned within the support member 1705. The fluid passages 1735 fluidicly couple 
the fluid passage 1730 with the pressure chamber 1755. The fluid passage 1740 
fluidicly couples the fluid passage 1 730 with the region outside of the apparatus 1700. 

The support member 1705 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, 13 chromium steel, fiberglass, or other 
high strength materials. The support member 1 705 is fabricated from oilfield country 
tubular goods available from various foreign and domestic steel mills in order to 
optimally provide operational strength and facilitate the use of other standard oil 
exploration handling equipment. At least a portion of the support member 1705 
comprises coiled tubing or a drill pipe. The support member 1705 includes a load 
shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 1755 is 
unpressurized. 

The mandrel 1710 is supported by and slidingly coupled to the support member 
1705 and the shoe 1720. The mandrel 1710 preferably includes an upper portion 1760 
and a lower portion 1765. Preferably, the upper portion 1760 of the mandrel 1710 and 
the support member 1705 together define the pressure chamber 1755. Preferably, the 



-63- 



• • • » • • 

25791.07.12 . I I * *+5l|4402/08^ : 

lower portion 1765 of the mandrel 1710 includes an expansion member 1770 for 
radially expanding the tubular member 1715. 

The upper portion 1 760 of the mandrel 1710 includes a tubular member 1 775 
having an inner diameter greater than an outer diameter of the support member 1 705. 
5 In this manner, an annular pressure chamber 1 755 is defined by and positioned 

between the tubular member 1775 and the support member 1705. The top 1780 of the 
tubular member 1775 preferably includes a bearing and a seal for sealing and 
supporting the top 1780 of the tubular member 1775 against the outer surface of the 
support member 1705. The bottom 1785 of the tubular member 1775 preferably 

1 0 includes a bearing and seal for sealing and supporting the bottom 1 785 of the tubular 
member 1775 against the outer surface of the support member 1705 or shoe 1720. In 
this manner, the mandrel 1710 moves in an axial direction upon the pressurization of 
the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 preferably includes an expansion 

1 5 member 1 770 for radially expanding the tubular member 1 7 1 5 during the 

pressurization of the pressure chamber 1 755. The expansion member is expandible in 
the radial direction. The inner surface of the lower portion 1765 of the mandrel 1710 
mates with and slides with respect to the outer surface of the shoe 1 720. The outer 
diameter of the expansion member 1770 may range from about 90 to 100 % of the 

20 inner diameter of the tubular casing 1 620. The outer diameter of the expansion 

member 1770 ranges from about 95 to 99 % of the inner diameter of the tubular casing 
1 620. The expansion member 1770 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine tool 
steel, ceramics, tungsten carbide, titanium or other high strength alloys. The expansion 

25 member 1 770 is fabricated from D2 machine tool steel in order to optimally provide 
high strength and abrasion resistance. 

The tubular member 1715 is coupled to and supported by the support member 
1705 and slips 1725. The tubular member 1715 includes an upper portion 1790 and a 
lower portion 1795. 

30 The upper portion 1 790 of the tubular member 1715 preferably includes an 

inner annular recess 1800 that extends from the upper portion 1790 of the tubular 
member 1715. In this manner, at least a portion of the upper portion 1790 of the 
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tubular member 1715 includes a thin walled section 1805. The first compressible 
annular member 1 745 is preferably coupled to and supported by the outer surface of 
the upper portion 1790 of the tubular member 1715 in opposing relation to the thin 
wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes an 
outer annular recess 1810 that extends from the lower portion 1 790 of the tubular 
member 1715. In this manner, at least a portion of the lower portion 1795 of the 
tubular member 1715 includes a thin walled section 1815. The second compressible 
annular member 1 750 is coupled to and at least partially supported within the outer 
annular recess 1 810 ofthe upper portion 1790 ofthe tubular member 1715 in opposing 
relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, fiberglass, 1 3 
chrome steel, other high strength material, or high strength plastics. The tubular 
member 1715 is fabricated from oilfield country tubular goods available from various 
foreign and domestic steel mills in order to optimally provide operational strength. 

The shoe 1720 is supported by and coupled to the support member 1705. The 
shoe 1720 preferably comprises a substantially hollow tubular member. The wall 
thickness ofthe shoe 1720 is greater than the wall thickness ofthe support member 

1 705 in order to optimally provide increased radial support to the mandrel 1710. The 
shoe 1 720 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, stainless steel, 
automotive grade steel, low alloy steel, carbon steel, or high strength plastics. The 
shoe 1720 is fabricated from oilfield country tubular goods available from various 
foreign and domestic steel mills in order to optimally provide matching operational 
strength throughout the apparatus. 

The slips 1725 are coupled to and supported by the support member 1705. The 
slips 1 725 removably support the tubular member 1715. In this manner, during the 
radial expansion of the tubular member 1715, the slips 1 725 help to maintain the 
tubular member 1715 in a substantially stationary position by preventing upward 
movement of the tubular member 1715. 
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The slips 1725 may comprise any number of conventional commercially 
available slips such as, for example, RTTS packer tungsten carbide mechanical slips, 
RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge plug 
tungsten carbide upper mechanical slips. The slips 1725 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services. The 
slips 1 725 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 conveys fluidic materials from a surface location into 
the interior of the support member 1705, the pressure chamber 1755, and the region 
exterior of the apparatus 1700. The fluid passage 1730 is fluidicly coupled to the 
pressure chamber 1755 by the fluid passages 1735. The fluid passage 1730 is fluidicly 
coupled to the region exterior to the apparatus 1700 by the fluid passage 1740. 

The fluid passage 1 730 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, slag mix, water or drilling gasses. The fluid 
passage 1730 is adapted to convey fluidic materials at flow rate and pressures ranging 
from about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 

The fluid passages 1 735 convey fluidic material from the fluid passage 1730 to 
the pressure chamber 1755. The fluid passage 1735 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, drilling muds, water or drilling gasses. 
The fluid passage 1735 is adapted to convey fluidic materials at flow rate and 
pressures ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to 
optimally provide operating pressures and flow rates for the various expansion 
processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 1730 to 
the region exterior to the apparatus 1700. The fluid passage 1 740 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, drilling muds, water or drilling 
gasses. The fluid passage 1 740 is adapted to convey fluidic materials at flow rate and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in order to 
optimally provide operating pressures and flow rates for the various radial expansion 
processes. 
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The fluid passage 1740 is adapted to receive a plug or other similar device for 
sealing the fluid passage 1740. In this manner, the pressure chamber 1755 may be 
pressurized. 

The first compressible annular body 1745 is coupled to and supported by an 
exterior surface of the upper portion 1790 of the tubular member 1715. The first 
compressible annular body 1745 is positioned in opposing relation to the thin walled 
section 1805 of the tubular member 1715. 

The first compressible annular body 1745 helps to minimize the radial force 
required to expand the tubular member 1715 in the overlap with the tubular casing 
1620, helps to create a fluidic seal in the overlap with the tubular casing 1620, and 
helps to create an interference fit sufficient to permit the tubular member 1715 to be 
supported by the tubular casing 1620. The first compressible annular body 1745 may 
comprise any number of commercially available compressible materials such as, for 
example, epoxy, rubber, Teflon, plastics, or hollow lead tubes. The first compressible 
annular body 1745 comprises StrataLock epoxy available from Halliburton Energy 
Services in order to optimally provide an hydraulic seal, and compressibility to 
minimize the radial expansion force. 

The wall thickness of the first compressible annular body 1745 may range from 
about 0.05 to 0.75 inches. The wall thickness of the first compressible annular body 
1745 ranges from about 0.1 to 0.5 inches in order to optimally (1) provide a large 
compressible zone, (2) minimize the required radial expansion force, (3) transfer the 
radial force to the tubular casings. As a result, overall the outer diameter of the tubular 
member 171 5 is approximately equal to the overall inner diameter of the tubular 
member 1620. 

The second compressible annular body 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the tubular member 1715. The 
second compressible annular body 1750 is positioned in opposing relation to the thin 
walled section 1815 of the tubular member 1715. 

The second compressible annular body 1750 helps to minimize the radial force 
required to expand the tubular member 171 5 in the overlap with another tubular 
member, helps to create a fluidic seal in the overlap of the tubular member 1715 with 
another tubular member, and helps to create an interference fit sufficient to permit 
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another tubular member to be supported by the tubular member 1715. The second 
compressible annular body 1750 may comprise any number of commercially available 
compressible materials such as, for example, epoxy, rubber, Tenon, plastics or hollow 
lead tubing. The first compressible annular body 1750 comprises StrataLock epoxy 
available from Halliburton Energy Services in order to optimally provide an hydraulic 
seal in the overlapped joint, and compressibility that minimizes the radial expansion 
force. 

The wall thickness of the second compressible annular body 1750 may range 
from about 0.05 to 0.75 inches. The wall thickness of the second compressible 
annular body 1750 ranges from about 0. 1 to 0.5 inches in order to optimally provide a 
large compressible zone, and minimize the radial force required to expand the tubular 
member 1715 during subsequent radial expansion operations. 

In an alternative embodiment, the outside diameter of the second compressible 
annular body 1750 is adapted to provide a seal against the surrounding formation 
thereby eliminating the need for an outer annular body of cement. 

The pressure chamber 1755 is fluidicly coupled to the fluid passage 1730 by the 
fluid passages 1735. The pressure chamber 1755 is preferably adapted to receive 
fluidic materials such as, for example, drilling muds, water or drilling gases. The 
pressure chamber 1755 is adapted to receive fluidic materials at flow rate and pressures 
ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to optimally 
provide expansion pressure. During pressurization of the pressure chamber 1755, the 
operating pressure of the pressure chamber ranges from about 0 to 5,000 psi in order to 
optimally provide expansion pressure while minimizing the possibility of a 
catastrophic failure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in the 
wellbore 1 600 with the tubular member 1715 positioned in an overlapping relationship 
with the tubular casing 1 620. The thin wall sections, 1 640 and 1 805, of the tubular 
casing 1620 and tubular member 1725 are positioned in opposing overlapping relation. 
In this manner, the radial expansion of the tubular member 1725 will compress the 
thin wall sections, 1640 and 1805, and annular compressible members, 1645 and 1745, 
into intimate contact. 
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After positioning of the apparatus 1700, a fluidic material 1825 is then pumped 
into the fluid passage 1730. The fluidic material 1825 may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
mud, drilling gases, cement or epoxy. The fluidic material 1825 comprises a 
5 hardenable fluidic sealing material such as, for example, cement in order to provide an 
outer annular body around the expanded tubular member 1715. 

The fluidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example, ranging from about 0 to 9,000 psi and 
0 to 3,000 gallons/minute. 
10 The fluidic material 1825 pumped into the fluid passage 1730 passes through 

the fluid passage 1740 and outside of the apparatus 1700. The fluidic material 1825 
fills the annular region 1830 between the outside of the apparatus 1700 and the interior 
wal Is of the wel Ibore 1 600. 

As illustrated in Fig. 14e, a plug 1835 is then introduced into the fluid passage 
1 5 1 730. The plug 1 835 lodges in the inlet to the fluid passage 1 740 fluidicly isolating 
and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The fluidic 
material 1 840 may comprise any number of conventional commercially available 
materials such as, for example, water, drilling mud or drilling gases. The fluidic 
20 material 1 840 comprises a non-hardenable fluidic material such as, for example, 
drilling mud or drilling gases in order to optimally provide pressurization of the 
pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 psi and 
25 0 to 500 gallons/minute. The fluidic material 1840 is pumped into the fluid passage 
1 730 at operating pressures and flow rates ranging from about 500 to 5,000 psi and 0 
to 500 gallons/minute in order to optimally provide operating pressures and flow rates 
for radial expansion. 

The fluidic material 1840 pumped into the fluid passage 1730 passes through 
30 the fluid passages 1 735 and into the pressure chamber 1 755. Continued pumping of 
the fluidic material 1840 pressurizes the pressure chamber 1755. The pressurization of 
the pressure chamber 1755 causes the mandrel 1710 to move relative to the support 
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member 1705 in the direction indicated by the arrows 1845. In this manner, the 
mandrel 1710 will cause the tubular member 1715 to expand in the radial direction. 

During the radial expansion process, the tubular member 1715 is prevented 
from moving in an upward direction by the slips 1725. A length of the tubular member 
5 1 7 1 5 is then expanded in the radial direction through the pressurization of the pressure 
chamber 1755. The length of the tubular member 1715 that is expanded during the 
expansion process will be proportional to the stroke length of the mandrel 1710. Upon 
the completion of a stroke, the operating pressure of the pressure chamber 1755 is then 
reduced and the mandrel 1710 drops to it rest position with the tubular member 1715 

1 0 supported by the mandrel 1715. The position of the support member 1 705 may be 
adjusted throughout the radial expansion process in order to maintain the overlapping 
relationship between the thin walled sections, 1640 and 1805, of the tubular casing 
1 620 and tubular member 1715. The stroking of the mandrel 1 7 1 0 is then repeated, as 
necessary, until the thin walled section 1805 of the tubular member 1715 is expanded 

15 into the thin walled section 1 640 of the tubular casing 1 620. 

During the final stroke of the mandrel 1710, the slips 1725 are positioned as 
close as possible to the thin walled section 1805 of the tubular member 1715 in order 
minimize slippage between the tubular member 1715 and tubular casing 1620 at the 
end of the radial expansion process. Alternatively, or in addition, the outside diameter 

20 of the first compressive annular member 1 745 is selected to ensure sufficient 
interference fit with the tubular casing 1620 to prevent axial displacement of the 
tubular member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive annular body 1750 is large enough to provide an 
interference fit with the inside walls of the wellbore 1 600 at an earlier point in the 

25 radial expansion process so as to prevent further axial displacement of the tubular 
member 1715. In this final alternative, the interference fit is preferably selected to 
permit expansion of the tubular member 1715 by pulling the mandrel 1710 out of the 
wellbore 1600, without having to pressurize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the apparatus 

30 1 700 are limited to the fluid passages 1 730 within the support member 1 705 and the 
pressure chamber 1755 within the mandrel HIO. No fluid pressure acts directly on the 
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tubular member 1715. This permits the use of operating pressures higher than the 
tubular member 1715 could normally withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 1710, the support member 1705 and mandrel 1710 are removed from the 
wellbore 1600. The contact pressure between the deformed thin wall sections, 1640 
and 1805, and compressible annular members, 1645 and 1745, ranges from about 400 
to 1 0,000 psi in order to optimally support the tubular member 1715 using the tubular 
casing 1620. 

In this manner, the tubular member 1 7 1 5 is radially expanded into contact with 
the tubular casing 1620 by pressurizing the interior of the fluid passage 1730 and the 
pressure chamber 1755. 

As illustrated in Fig. 14f, once the tubular member 171 5 is completely 
expanded in the radial direction by the mandrel 1710, the support member 1705 and 
mandrel 1710 are removed from the wellbore 1600. The annular body of hardenable 
1 5 fluidic material is then allowed to cure to form a rigid outer annular body 1 850. In the 
case where the tubular member 1715 is slotted, the hardenable fluidic material will 
preferably permeate and envelop the expanded tubular member 1715. 

The resulting new section of wellbore casing 1855 includes the expanded 
tubular member 1 7 1 5 and the rigid outer annular body 1 850. The overlapping joint 
1860 between the tubular casing 1620 and the expanded tubular member 1715 includes 
the deformed thin wall sections, 1 640 and 1 805, and the compressible annular bodies, 
1645 and 1745. The inner diameter of the resulting combined wellbore casings is 
substantially constant In this manner, a mono-diameter wellbore casing is formed. 
This process of expanding overlapping tubular members having thin wall end portions 
with compressible annular bodies into contact can be repeated for the entire length of a 
wellbore. In this manner, a mono-diameter wellbore casing can be provided for 
thousands of feet in a subterranean formation. 

Referring now to Figures 15, 15a and 15b, an apparatus 1900 for expanding a 
tubular member will be described. The apparatus 1900 preferably includes a drillpipe 
1905, an innerstring adapter 1910, a sealing sleeve 1915, an inner sealing mandrel 
1920, an upper sealing head 1925, a lower sealing head 1930, an outer sealing mandrel 
1935, a load mandrel 1940, an expansion cone 1945, a mandrel launcher 1950, a 
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mechanical slip body 1955, mechanical slips I960, drag blocks 1965, casing 1970, and 
fluid passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During operation 
of the apparatus 1900, the drillpipe 1905 supports the apparatus 1900. The drillpipe 
1 905 preferably comprises a substantially hollow tubular member or members. The 
drillpipe 1905 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular drillpipe, fiberglass or 
coiled tubing. The drillpipe 1905 is fabricated from coiled tubing in order to facilitate 
the placement of the apparatus 1900 in non-vertical wellbores. The drillpipe 1905 may 
be coupled to the innerstring adapter 1910 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connectors, OCTG specialty type box and pin connectors, a ratchet-latch type 
connector or a standard box by pin connector. The drillpipe 1905 is removably 
coupled to the innerstring adapter 1910 by a drillpipe connection. 

The drillpipe 1905 preferably includes a fluid passage 1975 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 1980. The fluid 
passage 1975 is adapted to convey fluidic materials such as, for example, cement, 
drilling mud, epoxy or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 1910 is coupled to the drill string 1905 and the sealing 
sleeve 1915. The innerstring adapter 1910 preferably comprises a substantially hollow 
tubular member or members. The innerstring adapter 1910 may be fabricated from 
any number of conventional commercially available materials such as, for example, oil 
country tubular goods, low alloy steel, carbon steel, stainless steel or other high 
strength materials. The innerstring adapter 1910 is fabricated from oilfield country 
tubular goods in order to optimally provide mechanical properties that closely match 
those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1905 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connectors, oilfield country tubular goods specialty type threaded 
connectors, ratchet-latch type stab in connector, or a standard threaded connection. 
The innerstring adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe 
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connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 1915 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connector, ratchet-latch type stab in connectors, or a standard threaded 
connection. The innerstring adapter 1910 is removably coupled to the sealing sleeve 
1915 by a standard threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 that is 
adapted to convey fluidic materials from the fluid passage 1975 into the fluid passage 
1985. The fluid passage 1980 is adapted to convey fluidic materials such as, for 
example, cement, drilling mud, epoxy, or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and the inner 
sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a substantially 
hollow tubular member or members. The sealing sleeve 1915 may be fabricated from 
any number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, carbon steel, low alloy steel, stainless steel or other high 
strength materials. The sealing sleeve 1915 is fabricated from oilfield country tubular 
goods in order to optimally provide mechanical properties that substantially match the 
remaining components of the apparatus 1900. 

The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type stab in connection, or a standard threaded connection. 
The sealing sleeve 1915 is removably coupled to the innerstring adapter 1910 by a 
standard threaded connection. The sealing sleeve 1915 may be coupled to the inner 
sealing mandrel 1920 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connection. 
The sealing sleeve 1915 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is adapted 
to convey fluidic materials from the fluid passage 1980 into the fluid passage 1990. 
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The fluid passage 1985 is adapted to convey fluidic materials such as, for example, 
cement, drilling mud, epoxy or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and the 
lower sealing head 1930. The inner sealing mandrel 1920 preferably comprises a 
substantially hollow tubular member or members. The inner sealing mandrel 1920 
may be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, stainless steel, low alloy steel, 
carbon steel or other similar high strength materials. The inner sealing mandrel 1920 
is fabricated from stainless steel in order to optimally provide mechanical properties 
similar to the other components of the apparatus 1 900 while also providing a smooth 
outer surface to support seals and other moving parts that can operate with minimal 
wear, corrosion and pitting. 

The inner sealing mandrel 1920 may be coupled to the sealing sleeve 1915 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connection . The inner sealing mandrel 
1920 is removably coupled to the sealing sleeve 1915 by a standard threaded 
connections. The inner sealing mandrel 1920 may be coupled to the lower sealing 
head 1930 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type stab in connectors or standard 
threaded connections. The inner sealing mandrel 1920 is removably coupled to the 
lower sealing head 1930 by a standard threaded connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 that is 
adapted to convey fluidic materials from the fluid passage 1985 into the fluid passage 
1995. The fluid passage 1990 is adapted to convey fluidic materials such as, for 
example, cement, drilling mud, epoxy or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 1935 and 
the expansion cone 1945. The upper sealing head 1925 is also movably coupled to the 
outer surface of the inner sealing mandrel 1920 and the inner surface of the casing 
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1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The radial clearance 
between the inner cylindrical surface of the upper sealing head 1925 and the outer 
surface of the inner sealing mandrel 1920 may range, for example, from about 0.025 to 
5 0.05 inches. The radial clearance between the inner cylindrical surface of the upper 
sealing head 1925 and the outer surface of the inner sealing mandrel 1920 ranges from 
about 0.005 to 0.01 inches in order to optimally provide clearance for pressure seal 
placement. The radial clearance between the outer cylindrical surface of the upper 
sealing head 1925 and the inner surface of the casing 1970 may range, for example, 
10 from about 0.025 to 0.375 inches. The radial clearance between the outer cylindrical 
surface of the upper sealing head 1925 and the inner surface of the casing 1970 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for the 
expansion cone 1945 as the expansion cone 1945 is upwardly moved inside the casing 
1970. 

1 5 The upper sealing head 1 925 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The upper sealing head 1925 may be 
fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, stainless steel, machine tool steel, or 
similar high strength materials. The upper sealing head 1925 is fabricated from 

20 stainless steel in order to optimally provide high strength and smooth outer surfaces 
that are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one or 
more annular sealing members 2000 for sealing the interface between the upper sealing 
head 1925 and the inner sealing mandrel 1920. The sealing members 2000 may 

25 comprise any number of conventional commercially available annular sealing 

members such as, for example, o-rings, polypak seals or metal spring energized seals. 
The sealing members 2000 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial motion. 

The upper sealing head 1925 includes a shoulder 2005 for supporting the upper 

30 sealing head 1925 on the lower sealing head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing mandrel 1935 
using any number of conventional commercially available mechanical couplings such 
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as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connections. The upper sealing head 1925 
is removably coupled to the outer sealing mandrel 1935 by a standard threaded 
connections. The mechanical coupling between the upper sealing head 1925 and the 
- outer sealing mandrel 1935 includes one or more sealing members 2010 for fluidicly 
sealing the interface between the upper sealing head 1925 and the outer sealing 
mandrel 1935. The sealing members 2010 may comprise any number of conventional 
commercially avai.able sealing members such as, for example, o-rin g s, po.ypak seals 
or metal spring energized seals. The sealing members 2010 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 and 
the load mandrel 1940. The lower sealing head 1930 is also movab.y coupled to the 
mner surface of the outer sealing mandrel 1 935. In this manner, the upper sealing head 
1925andoutersealingmandreI 1 935 reciprocate in the axial direction. Theradial 
clearance between the outer surface of the lower sealing head 1930 and the inner 
surface of the outer sealing mandrel 1935 may range, for example, from about 0.025 to 
0.05 mches. The radial clearance between the outer surface of the lower sealing head 
1 930 and the inner surface of the outer sealing mandrel 1 935 ranges from about 0.005 
to 0.010 inches in order to optimally provide a close tolerance having room for the 
installation of pressure seal rings. 

The lower sealing head 1 930 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 1930 may be 
fabncated from any number of conventional commercially available materials such as 
for example, oilfield country tubular goods, stainless steel, machine tool steel or other 
similar high strength materials. The lower sealing head 1930 is fabricated from 
stainless steel in order to optimally provide high strength and resistance to wear, 
galling, corrosion, and pitting. 

The outer surface of the lower sealing head 1930 preferably includes one or 
more annular sealing members 201 5 for sealing the interface between the lower sealing 
head 1930 and the outer sealing mandrel 1935. The sealing members 2015 may 
comprise any number of conventional commercially available annular sealing 



-76- 



r 



2579I -°7.i2 ./■ :/ \ 

members such as, for example, o-rings, polypak seals, or metal spring energized seals. 
The sealing members 2015 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 1930 may be coupled to the inner sealing mandrel 1920 
5 using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded connection. 
The lower sealing head 1930 is removably coupled to the inner sealing mandrel 1 920 
by a standard threaded connection. 

1 0 The mechanical coupling between the lower sealing head 1 930 and the inner 

sealing mandrel 1920 includes one or more sealing members 2020 for fluidicly sealing 
the interface between the lower sealing head 1930 and the inner sealing mandrel 1920. 
The sealing members 2020 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals, or metal spring 

15 energized seals. The sealing members 2020 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 

20 connections, welding, amorphous bonding or a standard threaded connection. The 

lower sealing head 1930 is removably coupled to the load mandrel 1940 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 1930 
and the load mandrel 1940 includes one or more sealing members 2025 for fluidicly 
sealing the interface between the lower sealing head 1930 and the load mandrel 1940. 

25 The sealing members 2025 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. The sealing members 2025 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 1930 includes a throat passage 2040 fluidicly coupled 

30 between the fluid passages 1990 and 1995. The throat passage 2040 is preferably of 
reduced size and is adapted to receive and engage with a plug 2045, or other similar 
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device. In this manner, the fluid passage 1990 is fluidicly isolated from the fluid 
passage 1 995. In this manner, the pressure chamber 2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 1925 and 
the expansion cone 1945. The outer sealing mandrel 1935 is also movably coupled to 
the inner surface of the casing 1970 and the outer surface of the lower sealing head 
1930. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 1935 and the inner surface of 
the casing 1970 may range, for example, from about 0.025 to 0.375 inches. The radial 
clearance between the outer surface of the outer sealing mandrel 1 935 and the inner 
surface of the casing 1970 ranges from about 0.025 to 0.125 inches in order to 
optimally provide maximum piston surface area to maximize the radial expansion 
force. The radial clearance between the inner surface of the outer sealing mandrel 
1935 and the outer surface of the lower sealing head 1930 may range, for example, 
from about 0.025 to 0.05 inches. The radial clearance between the inner surface of the 
outer sealing mandrel 1935 and the outer surface of the lower sealing head 1930 ranges 
from about 0.005 to 0.010 inches in order to optimally provide a minimum gap for the 
sealing elements to bridge and seal. 

The outer sealing mandrel 1935 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
1935 may be fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, 13 chromium steel or 
stainless steel. The outer sealing mandrel 1935 is fabricated from stainless steel in 
order to optimally provide maximum strength and minimum wall thickness while also 
providing resistance to corrosion, galling and pitting. 

The outer sealing mandrel 1935 may be coupled to the upper sealing head 1925 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, standard threaded connections, or welding. The outer sealing 
mandrel 1935 is removably coupled to the upper sealing head 1925 by a standard 
threaded connections connection. The outer sealing mandrel 1935 may be coupled to 
the expansion cone 1945 using any number of conventional commercially available 
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mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connections 
connection, or welding. The outer sealing mandrel 1935 is removably coupled to the 
expansion cone 1945 by a standard threaded connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner sealing 
mandrel 1920, and the outer sealing mandrel 1935 together define a pressure chamber 
2030. The pressure chamber 2030 is fiuidicly coupled to the passage 1990 via one or 
more passages 2035. During operation of the apparatus 1900, the plug 2045 engages 
with the throat passage 2040 to fiuidicly isolate the fluid passage 1990 from the fluid 
passage 1995. The pressure chamber 2030 is then pressurized which in turn causes the 
upper sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
reciprocate in the axial direction. The axial motion of the expansion cone 1945 in turn 
expands the casing 1 970 in the radial direction. 

The load mandrel 1940 is coupled to the lower sealing head 1930 and the 
mechanical slip body 1955. The load mandrel 1940 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The load mandrel 
1940 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. The load mandrel 1940 is 
fabricated from oilfield country tubular goods in order to optimally provide high 
strength. 

The load mandrel 1940 may be coupled to the lower sealing head 1930 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. The load 
mandrel 1940 is removably coupled to the lower sealing head 1930 by a standard 
threaded connection. The load mandrel 1940 may be coupled to the mechanical slip 
body 1955 using any number of conventional commercially available mechanical 
couplings such as, for example, a drillpipe connection, oilfield country tubular goods 
specialty type threaded connections, welding, amorphous bonding, or a standard 
threaded connections connection. The load mandrel 1940 is removably coupled to the 
mechanical slip body 1955 by a standard threaded connections connection. 
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The load mandrel 1940 preferably includes a fluid passage 1995 that is adapted 
to convey fluidic materials from the fluid passage 1990 to the region outside of the 
apparatus 1900. The fluid passage 1995 is adapted to convey fluidic materials such as, 
for example, cement, epoxy, water, drilling mud, or lubricants at operating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 1945 is coupled to the outer sealing mandrel 1935. The 
expansion cone 1945 is also movably coupled to the inner surface of the casing 1970. 
In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and the 
expansion cone 1945 reciprocate in the axial direction. The reciprocation of the 
expansion cone 1945 causes the casing 1970 to expand in the radial direction. 

The expansion cone 1945 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in order 
to optimally provide cone dimensions for the typical range of tubular members. 

The axial length of the expansion cone 1945 may range, for example, from 
about 2 to 8 times the largest outer diameter of the expansion cone 1945. The axial 
length of the expansion cone 1 945 ranges from about 3 to 5 times the largest outer 
diameter of the expansion cone 1945 in order to optimally provide stability and 
centralization of the expansion cone 1945 during the expansion process. The angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the desired amount of radial expansion. The 
expansion cone 1945 angle of attack will vary as a function of the operating 
parameters of the particular expansion operation. 

The expansion cone 1945 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, ceramics, 
tungsten carbide, nitride steel, or other similar high strength materials. The expansion 
cone 1945 is fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to corrosion, wear, galling, and pitting. The outside surface of 
the expansion cone 1 945 has a surface hardness ranging from about 58 to 62 Rockwell 
C in order to optimally provide high strength and resist wear and galling. 
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The expansion cone 1945 may be coupled to the outside sealing mandrel 1935 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield tubular country goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded connections 
connection. The expansion cone 1945 is coupled to the outside sealing mandrel 1935 
using a standard threaded connections connection in order to optimally provide 
connector strength for the typical operating loading conditions while also permitting 
easy replacement of the expansion cone 1 945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 
launcher 1 950 comprises a tubular section of casing having a reduced wall thickness 
compared to the casing 1970. The wall thickness of the mandrel launcher is about 50 
to 100 % of the wall thickness of the casing 1970. In this manner, the initiation of the 
radial expansion of the casing 1970 is facilitated, and the insertion of the larger outside 
diameter mandrel launcher 1950 into the wellbore and/or casing is facilitated. 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
number of conventional mechanical couplings. The mandrel launcher 1950 may have 
a wall thickness ranging, for example, from about 0. 1 5 to 1 .5 inches. The wall 
thickness of the mandrel launcher 1 950 ranges from about 0.25 to 0.75 inches in order 
to optimally provide high strength with a small overall profile. The mandrel launcher 
1 950 may be fabricated from any number of conventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials: The mandrel launcher 1 950 is 
fabricated from oil field tubular goods of higher strength but lower wall thickness than 
the casing 1970 in order to optimally provide a thin walled container with 
approximately the same burst strength as the casing 1 970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970, the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 1955 
preferably comprises a tubular member having an inner passage 2050 fluidicly coupled 
to the passage 1995. In this manner, fluidic materials may be conveyed from the 
passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip body 1955 may be coupled to the load mandrel 1940 using 
any number of conventional mechanical couplings. The mechanical slip body 1955 is 
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removably coupled to the load mandrel 1 940 using a standard threaded connection in 
order to optimally provide high strength and permit the mechanical slip body 1955 to 
be easily replaced. The mechanical slip body 1955 may be coupled to the mechanical 
slips 1955 using any number of conventional mechanical couplings. The mechanical 
5 slip body 1955 is removably coupled to the mechanical slips 1955 using threads and 
sliding steel retainer rings in order to optimally provide high strength coupling and also 
permit easy replacement of the mechanical slips 1955. The mechanical slip body 1955 
may be coupled to the drag blocks 1965 using any number of conventional mechanical 
couplings. The mechanical slip body 1955 is removably coupled to the drag blocks 
1 965 using threaded connections and sliding steel retainer rings in order to optimally 
provide high strength and also permit easy replacement of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the mechanical 
slip body 1955. During operation of the apparatus 1900, the mechanical slips 1960 
prevent upward movement of the casing 1970 and mandrel launcher 1950. In this 
manner, during the axial reciprocation of the expansion cone 1945, the casing 1970 
and mandrel launcher 1950 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer tungsten 
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L 
retrievable bridge plug tungsten carbide upper mechanical slips. The mechanical slips 
1960 comprise RTTS packer tungsten carbide mechanical slips available from 
Halliburton Energy Services in order to optimally provide resistance to axial 
25 movement of the casing 1 970 during the expansion process. 

Tlie drag blocks 1965 are coupled to the outside surface of the mechanical slip 
body 1955. During operation of the apparatus 1900, the drag blocks 1965 prevent 
upward movement of the casing 1970 and mandrel launcher 1950. In this manner, 
during the axial reciprocation of the expansion cone 1945, the casing 1970 and 
mandrel launcher 1950 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direcUon by the axial movement of the expansion cone 1945. 
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The drag blocks 1 965 may comprise any number of conventional commercially 
ava,lable mechanical slips such as, for example, RTTS packer tungsten carbide 
mechanical slips, RTTS packer wicker type mechanical slips or Model 3L retrievable 
bndge plug tungsten carbide upper mechanical slips. The drag blocks 1965 comprise 
RTTS packer tungsten carbide mechanical slips available from Halliburton Energy 
Services in order to optimally provide resistance to axial movement of the casing 1 970 
during the expansion process. 

Thecasing 1970 is coupled to the mandrel launcher 1950. Thecasing I970is 
further removably coupled to the mechanical slips 1960 and drag blocks 1965 The 
10 casing 1970 P referablycom P risesatubularmember. Thecasing 1970maybe 

fabricated from any number of conventional commercially available materials such as 
for example, slotted tubu.ars, oil field country tubular goods, low alloy steel, carbon ' 
steel, stainless steel or other similar high strength materials. The casing 1970 is 
fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide high strength. The upper end of the 
casmg 1970 includes one or more sealing members positioned about the exterior of the 
casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the upper 
end of the casing 1970 positioned in an overlapping relationship within an existing 
wellbore casing. In order minimize surge pressures within the borehole during 
Placement of the apparatus 1900, the fluid passage 1975 is preferably provided with 
one or more pressure relief passages. During the placement of the apparatus 1900 in 
the wellbore, the casing 1970 is supported by the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an overlapping 
relanonship with an existing section of wellbore casing, a first fluidic material is 
pumped into the fluid passage 1 975 from a surface location. The first fluidic materia. 
» conveyed from the fluid passage 1975 to the fluid passages 1980, 1985, 1990 1995 
and 2050. The first fluidic material will then exit the apparatus and fill the annular ' 
reg,on between the outside of the apparatus 1900 and the interior walls of the bore 
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The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, epoxy or 
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cement. The first fiuidic material comprises a hardenable fiuidic sealing material such 
as, for example, cement or epoxy. In this manner, a wellbore casing having an outer 
annular layer of a hardenable material may be formed. 

The first fiuidic material may be pumped into the apparatus 1900 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. The first fiuidic material is pumped into the apparatus 1900 at 
operating pressures and flow rates ranging from about 0 to 4,500 psi and 0 to 3,000 
gallons/minute in order to optimally provide operating pressures and flow rates for 
typical operating conditions. 

At a predetermined point in the injection of the first fiuidic material such as, for. 
example, after the annular region outside of the apparatus 1900 has been filled to a 
predetermined level, a plug 2045, dart, or other similar device is introduced into the 
first fiuidic material. The plug 2045 lodges in the throat passage 2040 thereby 
fluidicly isolating the fluid passage 1990 from the fluid passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second fiuidic 
material is pumped into the fluid passage 1 975 in order to pressurize the pressure 
chamber 2030. The second fiuidic material may comprise any number of conventional 
commercially available materials such as, for example, water, drilling gases, drilling 
mud or lubricant. The second fiuidic material comprises a non-hardenable fiuidic 
material such as, for example, water, drilling mud or lubricant in order minimize 
frictional forces. 

The second fiuidic material may be pumped into the apparatus 1900 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The second fiuidic material is pumped into the apparatus 
1900 at operating pressures and flow rates ranging from about 0 to 3,500 psi, and 0 to 
1,200 gallons/minute in order to optimally provide expansion of the casing 1970. 

The pressurization of the pressure chamber 2030 causes the upper sealing head 
1925, outer sealing mandrel 1 935, and expansion cone 1945 to move in an axial 
direction. As the expansion cone 1945 moves in the axial direction, the expansion 
cone 1945 pulls the mandrel launcher 1950 and drag blocks 1965 along, which sets the 
mechanical slips 1960 and stops further axial movement of the mandrel launcher 1950 
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and casing I970. In this manner, the axial movement of the expansion cone 1945 
radially expands the mandrel launcher 1950 and casing 1970. 

Once the upper sealing head I925, outer sealing mandrel 1935, and expansion 
cone 1945 complete an axial stroke, the operating pressure of the second fluidic 
5 material is reduced and the drill string 1905 is raised. This causes the inner sealing 
mandrel 1920, lower sealing head 1930, load mandrel 1940, and mechanical slip body 
1955 to move upward. This unsets the mechanical slips I960 and permits the 
mechanical slips 1960 and drag blocks 1965 to be moved upward within the mandrel 
launcher and casing .970. When the lower sealing head .930 contacts the upper 
10 seaHng head ,925, the second fluidic materia, is again pressurized and the radia, 
ex P ans,on process continues. In this manner, the mandrel launcher 1950 and casing 
1970 are radia. expanded through repeated axia. strokes of the upper sea.ing head 
1925, outer seaHng mandrel 1935 and expansion cone 1945. Throughput the radial 
expanse process, the upper end of the casing 1 970 is preferably maintained in an 
overlappmg relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 1970 is 
expanded into intimate contact with the inside surface of the lower end of the existing 
wellbore casing. The sealing members provided at the upper end of the casing 1970 
prov.de a fluidic sea. between the outside surface of the upper end of the casing 1970 
and the inside surface of the lower end of the existing wellbore casing. The contact 
pressure between the casing 1 970 and the existing section of wellbore casing ranges 
from about 400 to 10,000 psi in order to optimally provide contact pressure for 
act.vat.ng sealing members, provide optima, resistance to axial movement of the 
expanded casing ,970, and optimally support typica. tensi.e and compressive .oads 
As the expansion cone 1945 nears the end of the casing ,970, the operating 
flow rate of the second fluidic materia, is reduced in order to minimize shock to the 
apparatus ,900. In an alternative embodiment, the apparatus ,900 indudes a shock 
absorber for absorbing the shock created by the compietion of the radia, expansion of 
the casing 1970. 

The reduced operating pressure of the second fluidic materia, ranges from about 
100 to ,,000 psi as the expansion cone ,945 nears the end of the casing ,970 in order 
to opting provide reduced axia. movement and velocity of the expansion cone 1 945 
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The operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 1900 to the range of about 0 to 500 psi in order minimize the 
resistance to the movement of the expansion cone 1 945. The stroke length of the 
apparatus 1 900 ranges from about 1 0 to 45 feet in order to optimally provide 
5 equipment lengths that can be handled by typical oil well rigging equipment while also 
m.n.mizing the frequency at which the expansion cone 1945 must be stopped so the 
apparatus 1900 can be re-stroked for further expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing head 1925 
includes an expansion cone for radially expanding the mandrel launcher 1950 and 
10 casing 1970 during operation of the apparatus 1900 in order to increase the surface 
area of the casing 1970 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920inorder 
1 5 to simplify the operation and assembly of the apparatus 1 900. 

Upon the complete radial expansion of the casing 1970, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside of 
the expanded casing 1970 and the interior walls of the wellbore. In the case where the 
expanded casing 1970 is slotted, the cured fluidic material will preferably permeate 
20 and envelop the expanded casing. In this manner, a new section of wellbore casing is 
formed within a wellbore. Alternatively, the apparatus 1900 may be used to join a first 
section of pipeline to an existing section of pipeline. Alternatively, the apparatus 1 900 
may be used to directly line the interior of a wellbore with a casing, without the use of 
an outer annular layer of a hardenable material. Alternatively, the apparatus 1 900 may 
25 be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, and the pressure 
chamber 2030. No fluid pressure acts directly on the mandrel launcher 1950 and 
casing 1970. This permits the use of operating pressures higher than the mandrel 
launcher 1950 and casing 1970 could normally withstand. 

Referring now to Figure 16, an apparatus 2 100 for forming a mono-diameter 
wellbore casing will be described. The apparatus 2100 preferably includes a drillpipe 
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2105, an innerstring adapter 21 10, a sealing sleeve 21 15, an inner sea.ing mandrel 
2120, shps 2125, upper sealing head 2130, lower sealing head 2135, outer sealing 
mandrel 2.40, load mandrel 2145, expansion cone 2150, and casing 2155 

The drillpipe 2105 is coupled to the innerstring adapter 21 10. During operation 
5 Oftheappar a tus2100,thedrillpipe2105supportstheapparatus2100. Thedril.pipe 
2 1 05 preferably comprises a substantially hollow tubular member or members The 
drdlp-pe 2105 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength material. The drillpipe 
10 2105 is fabricated from coiled tubing in order to facilitate the placement of the 

apparatus 1900 in non-vertical we.lbores. The drillpipe 2105 may be coupled to the 
mnerstring adapter 21 10 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type connection, or a 
standard threaded connection. The drillpipe 2105 is removably coupled to the 
innerstring adapter 21 10 by a drill pipe connection. 

The drillpipe 2105 preferably includes a fluid passage 2160 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2165. The fluid 
passage 2160 is adapted to convey fluidic materials such as, for example, cement 
epoxy, water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 21 10 is coupled to the drill string 2105 and the sealing 
sleeve 21 15. The innerstring adapter 21 10 preferably comprises a substantially hollow 
tubular member or members. The innerstring adapter 2 1 1 0 may be fabricated from 
any number of conventional commercially available materials such as, for example 
o.lfield country tubular goods, low alloy steel, carbon steel, stainless steel or other ' 
nufar high strength materials. The innerstring adapter 21 10 is fabricated from 
stamless steel in order to optimally provide high strength, low friction, and resistance 
to corrosion and wear. 

The innerstring adapter 21 10 may be coupled to the drill string 2105 using any 
number of conventional commercially available mechanical couplings such as for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
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connection, ratchet-latch type connection or a standard threaded connection. The 
innerstring adapter 2 110 is removably coupled to the drill pipe 2105 by a drillpipe 
connection. The innerstring adapter 2 1 1 0 may be coupled to the sealing sleeve 2115 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection, or a standard threaded 
connection. The innerstring adapter 2110 is removably coupled to the sealing sleeve 
2 1 1 5 by a standard threaded connection. 

The innerstring adapter 21 10 preferably includes a fluid passage 2165 that is 
adapted to convey fluidic materials from the fluid passage 2160 into the fluid passage 
2170. The fluid passage 2165 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, water drilling muds, or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 21 15 is coupled to the innerstring adapter 21 10 and the inner 
sealing mandrel 2120. The sealing sleeve 21 15 preferably comprises a substantially 
hollow tubular member or members. The sealing sleeve 21 15 may be fabricated from 
any number of conventional commercially available materials such as, for example, oil 
field tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. The sealing sleeve 21 15 is fabricated from stainless steel in order 
to optimally provide high strength, low friction surfaces, and resistance to corrosion, 
wear, galling, and pitting. 

The sealing sleeve 21 15 may be coupled to the innerstring adapter 21 10 using 
any number of conventional commercially available mechanical couplings such as, for 
example, a standard threaded connection, oilfield country tubular goods specialty type 
threaded connections, welding, amorphous bonding, or a standard threaded connection 
The sealing sleeve 21 15 is removably coupled to the innerstring adapter 21 10 by a 
standard threaded connection. The sealing sleeve 21 15 may be coupled to the inner 
sealing mandrel 2120 using any number of con ventional commercially available 
mechanical couplings such as, for example, a standard threaded connection, oilfield 
country tubular goods specialty type threaded connections, welding, amorphous 
bonding, or a standard threaded connection. The sealing sleeve 2. 15 is removably 
coupled to the inner sealing mandrel 2120 by a standard threaded connection. 
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The sealing sleeve 2115 preferably includes a fluid passage 2170 that is adapted 
to convey fluidic materials from the fluid passage 2165 into the fluid passage 2175. 
The fluid passage 2170 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud, or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, slips 
2125, and the lower sealing head 2135. The inner sealing mandrel 2120 preferably 
comprises a substantially hollow tubular member or members. The inner sealing 
mandrel 2120 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The inner 
sealing mandrel 2120 is fabricated from stainless steel in order to optimally provide 
high strength, low friction surfaces, and corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connection. The inner sealing mandrel 
2120 is removably coupled to the sealing sleeve 21 15 by a standard threaded 
connection. The standard threaded connection provides high strength and permits easy 
replacement of components. The inner sealing mandrel 2 120 may be coupled to the 
slips 2125 using any number of conventional commercially available mechanical 
couplings such as, for example, welding, amorphous bonding, or a standard threaded 
connection. The inner sealing mandrel 2120 is removably coupled to the slips 2125 by 
a standard threaded connection. The inner sealing mandrel 2120 may be coupled to the 
lower sealing head 2135 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. The inner sealing mandrel 2120 is removably coupled 
to the lower sealing head 2135 by a standard threaded connection. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 that is 
adapted to convey fluidic materials from the fluid passage 2170 into the fluid passage 
2 1 80. The fluid passage 2 1 75 is adapted to convey fluidic materials such as, for 
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-ample, cement, epoxy, wa,er, drilling mud or , u bncan B at ^ ^ 

How rates ranging from about 0 to , „„„ ^ ^ „ ^ ^ ga| .^.^ 

The slips 2 1 25 are coupled ,„ the outer surface of the inner sealing mandrel 

2120. D"r,ngopera, i onofthe.ppa I an as 2 1 00, Ul esnp S 2 l 25preferab, ym a i „,a i „u,e 
cnstng 2155 in a substantially aationary po^ during ^ rf fc 

casing2,55. H« slips 2125 activaled ^ fc fluid ^ ^ ^ 
pressurized fluid material into the slips 2125. 

The slips 2 1 25 may comprise any number of commercially available hydraulic 
sltps such as, for example, RTTS packer tungsten «,*«, hydraulic s|i „ Mode| 
retnevable bridge plug hydraulic slips. Theslips2l25compriseRTTSpacker 
tungsten careide hydremic slips available ftom Halliburton Energy Services in order to 
oputnal.y provide resistance to axial movement ofthe casing 2.55 during the 
expansion process. nc slips includea flujd passage2190> ^ ^ 

spnng return 2200, and slip member 2205. 

'5 ^^^"^^'oupledtotheinneraea.ingmandren^Ousingany 
number of conventional mechanical couplings. The slips 2 1 25 are removably coupled 
■o the outer surface ofthe inner sealing mandrel 2,20 by a thread connection i„ „ rder 
to optimally provide interchangeability of parts. 

The upper sealing head 2,30 is coupled toth e outer seali „ e mandre| 2|40 
expanston cone 2150. The upper sealing head 2 130 is also movably coupled ,o the 
outer surface of the inner sealing mandrel 2120 a* the inner surface of the casing 
2155. .n thtsmam.er.me upper sealing head 2, 30 reciprocates in the axia, direction. 
TM redta, clearance between the inner cylindrica, surface of the upper sealing head 

1 30 am, the outer surface of me inner sealing mandre, 2 ,20 may range, for example 
fromaboutO.025toO.05i.hes. ^ redia, cleareneo b«»vee„ me im er cylindrical 
surface of the upper sealing head 2 1 30 and the outer surface of the inner sealing 
tnandre, 2,0 renges from about 0.005 to 0.01 0 inches in order ,o optimally provi de a 
P-aure seal. The radia, clearance between me outer cyhndrica, surface of Ute upper 

75!?. " 4 ,he inner surface of "* casins 2 155 ^ -» * — ^ 

"T ^ cebenveenmeoutercylindrica, 

surface ofthe upper sealing head 2,30 and the inner surface of ^ „ 



25 



30 



-90- 



2579i.o7.i2 \ : : .;. .• ... 

«. • ; HL74J03/004: 

from about 0.025 to 0.125 inches in order to optimally provide stabilization for the 
expansion cone 2150 during axial movement of the expansion cone 2150. 

The upper sealing head 2 1 30 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2130 may be 
fabricated from any number of conventional commercially available materials such as, 
for example, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The upper sealing head 2130 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more annular 
sealing members 2210 for sealing the interface between the upper sealing head 2 130 
and the inner sealing mandrel 2120. The sealing members 2210 may comprise any 
number of conventional commercially available annular sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. The sealing members 
2210 comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The upper sealing head 2130 includes a shoulder 2215 for supporting the upper 
sealing head 2 1 30 on the lower sealing head 2135. 

The upper sealing head 2130 may be coupled to the outer sealing mandrel 2140 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. The 
upper sealing head 2130 is removably coupled to the outer sealing mandrel 2140 by a 
standard threaded connection. The mechanical coupling between the upper sealing 
head 2130 and the outer sealing mandrel 2140 includes one or more sealing members 
2220 for fluidicly sealing the interface between the upper sealing head 2130 and the 
outer sealing mandrel 2 140. The sealing members 2220 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. The sealing members 2220 comprise' 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 and 
the load mandrel 2145. The lower sealing head 2 135 is also movably coupled to the 
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inner surface of the outer sealing mandrel 2140. In this manner, the upper sealing head 
2130, outer sealing mandrel 2140, and expansion cone 2150 reciprocate in the axial 
d.rection. The radial clearance between the outer surface of the lower sealing head 
2135 and the inner surface of the outer sealing mandrel 2140 may range, for example 
5 from about 0.0025 to 0.05 inches. The radial clearance between the outer surface of ' 
the lower sealing head 2135 and the inner surface of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optimally provide minimal radial 
clearance. 

The lower sealing head 2135 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2 1 35 may be 
fabricated from any number of conventional commercially available materials such as 
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other s.m.lar high strength materials. The lower sealing head 2135 is fabricated 
from stainless steel in order to optimally provide high strength, corrosion resistance 
and low friction surfaces. The outer surface of the lower sealing head 2 1 35 preferably 
includes one or more annular sealing members 2225 for sealing the interface between 
the lower sealing head 2 1 35 and the outer sealing mandrel 2 1 40. The sealing members 
2225 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2225 comprise polypak seals available from Parker Seals 
m order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the inner sealing mandrel 2120 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded connection 
The lower sealing head 2 135 is removably coupled to the inner sealing mandrel 2 1 20 
by a standard threaded connection. The mechanical coupling between the lower 
seahng head 2135 and the inner sealing mandrel 2120 includes one or more sealing 
members 2230 for fluidicly sealing the interface betwom the lower sealing head 2135 
and the inner seafing mandrel 2120. The sealing member, 2230 may comprise any 
number of conventional commercially available sealing members such as, for examp.e 
o-nngs, polypak seals, or metal spring energized seals. The sealing members 2230 
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comprise polypak seals available from Parker Seals in order «o optimally provide ' 
sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 using 
any number of conventional commercially available mechanical couplings such as for 
5 example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection The 
lower sealing head 2135 is removably coupled to the load mandrel 2145 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 2.35 
and the load mandrel 2145 includes one or more sealing members 2235 for fluidicly 
sealmg the interface between the lower sealing head 1930 and the load mandrel 2 145 
The sealing members 2235 may comprise any number of conventional commercially 
ava.lable sealing members such as, for example, o-rings, polypak seals, or metal spring 
energ.zed seals. The sealing members 2235 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 includes a throat passage 2240 fluidicly coupled 
between the fluid passages 2175 and 2180. The throat passage 2240 is preferably of 
reduced size and is adapted to receive and engage with a plug 2245, or other similar 
dev,ce. In this manner, the fluid passage 2175 is fluidicly isolated from the fluid 
passage 2180. In this manner, the pressure chamber 2250 is pressurized. 

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 and 
the expansion cone 2150. The outer sealing mandrel 2140 is also movably coupled to 
the rnner surface of the casing 2 1 55 and the outer surface of the lower sealing head 
2135. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and 
the expansion cone 2150 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 2140 and the inner surface of 
the casmg 2155 may range, for example, from about 0.025 to 0.375 inches. The radial 
clearance between the outer surface of the outer sealing mandrel 2140 and the inner 
surface of the casing 2155 ranges from about 0.025 to 0.125 inches in order to 
optimally provide stabilization for the expansion cone 2130 during the expansion 
process. The radial clearance between the inner surface of the outer sealing mandrel 
2140 and the outer surface of the lower sealing head 2135 may range, for example, 
from about 0.005 to 0.125 inches. The radial clearance between the inner surface of 
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moges fro m about 0.005 .„ 0.0,0 inches in order ,„ oplilMlly provide mi „ ima , 
clearance. 



The outersealing mandrel 2.40 preferably comprises an annular member 
5 tav,„ g sub St a n «al. yCyli „drical iM e randoutersurface , The ou.er sealing mand re, 
2140 may be fabricated from any number of conventional commercially available 
matenals such as, for example, oiifield country lu b U .ar goods, low alloy steel, carbon 
steel, aainless steel, or other similar high srrength materials . n. mta mKng 
mandrel 2 140 is fabricated from Unless stee, in „ rd e r ,„ ^My provide high 
strength, corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2 ,40 may be coupled ,o the upper sealing head 2130 
ustng any number of conventional commercially available mechanical couplings such 
as, for example, driflpipe connecting oilfield country tubular goods specialty threaded 
connection, welding, amotphoua bonding or a standard threaded connection. The outer 
realms mandrel 2,40 is removably coupled to rhe upper sealing head 2130 by a 
standard threaded connection. The outer seahng mandrel 2140 may be coupled ,„ the 
expataion cone 21 50 using any number of conventional commercially available 
mechanical couplings SU c h ^ for ^ ^ 

tubular goods specialty threaded connection, welding, amorphous bonding, 
20 standard threaded connection. The outer sealing mandrel 2, 40 is removably coupled 
to the expansion cone 21 50 by a standard threaded connection. 

The upper sealing head 2130, the lower sealing head 2.35, inner sealing 
m^dre. 2,20, and the outer sealing m andre, 2,40 togerher define a pressure chamber 

2250. Tl«pre S su,ccha m cer2250isnuidic.ycoupled.o 1 he P aa S a6e2 I 75viaoneor 
more passage* 2255. During opemtion of the apparatus 2.00, the plug 2245 engages 
wtth the thmat passage 2240 to fluidicly iso,a,e ,he Huid passage 2 ,75 from the fluid 
^ 8 e2,80. Thcpressurechamber 2250 is men pressurized which in tuntcauses the 
"Pper seahng head 2, 30, outer seating ma ndre, 2140 , md ^ 2 

relocate in thcaxia, direction. Theaxia,m„.ionofhecxpansi„„conc2,50i„ l u ra 
30 «Pandsthecasi„g2l55i„the ra dialdirection. 

The ,oad mandrel 2,45 is coup.ed to the ,o„er seafing head 2,35. The ,oad 
mandre, 2 ,45 preferaNy comprises an annu,ar member havjllg 
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inner and outer surfaces. The bad mandrel 2145 may be fabricated from any number 
of conventional commercially available materials such as, for example, oilfie.d country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. The load mandrel 2.45 is fabricated from stainless steel in order to 
5 opt.mally provide high strength, corrosion resistance, and low friction bearing 
surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2 135 using 

anyniunberofconventionalconunerciallyavailablemechanicalcouplingssuchas for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
10 connection, welding, amorphous bonding or a standard threaded connection. Theload 
mandrel 2145 is removably coupled to the lower sealing head 2135 by a standard 
threaded connection in order to optimally provide high strength and permit easy 
replacement of the load mandrel 2 145. 

The load mandrel 2145 preferably includes a fluid passage 21 80 that is adapted 
15 to convey fluidic materials from the fluid passage 2180 to the region outside of the 
apparatus 2 1 00. The fluid passage 2 1 80 is adapted to convey fluidic materials such as 
for example, cement, epoxy, water, drilling mud, or lubricants at operating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140 The 
20 expansion cone 2150 is also movably coupled to the inner surface of the casing 2155 
In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and the 
expansion cone 2150 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2150 causes the casing 2155 to expand in the radial direction. 

The expansion cone 2 1 50 preferably comprises an annular member having 
25 substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outs.de conical surface may range, for example, from about 2 to 34 inches The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in order 
to optunally provide cone dimensions that are optimal for typical casings. The axial 
length of the expansion cone 2 1 50 may range, for example, from about 2 to 6 times the 
largest outside diameter of the expansion cone2,50. The axial length of the expansion 
cone 2150 ranges from about 3 to 5 times the largest outside diameter of the expansion 
cone 2150 ,n order to optimally provide stability and centralization of the expansion 
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cone 2150 during the expansion process. The maximum outside diameter of the 
expans.cn cone 2150 is between about 90 to 100 % of the inside diameter of the 
ex,st,ng wellbore that the casing 2155 will be joined with. The angle of attack of the 
expansion cone 2,50 ranges from about 5 to 30 degrees in order to optimally balance 
fnctton forces and radial expansion forces, ^optimal expansion cone 2 150 angle of 
attack w,.l vary as a function of the particular operating conditions of the expansion 
operation. 

The expansion cone 2150 may be fabricated f rom any number ofammioml 
commercial available materials such u. for examp.e, machine ,00, stee,, nitride steel, 
..untum, tungsren carbide, ceramics, or odter similar high slralglh materials . m 
expansion cone 2150 is fabricated from D2 machine too, stee. i„ order ,0 optimally 
prov,de high strengfi, and resistance .0 wear and galling. The oufcide sorface of me 
expansion «,„e 2150 haa a surface hardness ranging f rom ab ou, 58 to 62 Rockwell C 
in order to oplimally provide resistance to wear. 

'5 ^^""^^'SOmaybecoupledtotheo^idesealingmandrenHO 
us,ng any number ofconventiona! commercially available mechanical couplings such 
aa, for example, drillpipe connection, oilfield counny mbular goods specialty type 
Ihteaded connection, welding, amorphous bonding or a standard threaded connection 
The expansion cone 2!50 is coupled tothe outside sealing mandrel 2140 using a 
standard dtreaded connecrion in order to optimally provide high strength and permi. 
the expansion cone 21 50 to be easily replaced. 

Thecasing 2155 is removably coupled to the alips 2125 and expanaion cone 
21* The caai„g2l55 P referablycomprisesa,ubu 1 ar member. The casing 2.55 may 

be ^femanynumberofconvendoMUrHnmerciallyavailahlematcrialssuch 
as, or example, slotted tubulars, oilfield counuy mbuiar goods, Iow alloy sleeli ^ 
steel, stainless steel or odter similar high strength material. The casing 2155 is 
fabneated from oilfidd country mortar goods avaUable from various foreign and 
domestic ateel mills in order ,„ optimally p ro vide high strength 

The upper end 2260 of the casing 2155 indudes a thin wal! ^ 2265 and an 
ou.eran„u.arseali„gmember2270. The wall thickness ofthethin wal, section 2265 
.sab.u.50,0 .00%o ft here g u,ar„a, l d,ickne S a„f.heca Si „g2155. !n mis manner, 
Use upper end 2260 of the casing 2155 may be easfiy expanded and deformed into 
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intimate contact with the lower end of an existing section of wellbore casing. The 
lower end of the existing section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section 2265 of casing 2155 into the 
thin walled section of the existing wellbore casing results in a wellbore casing having a 
5 substantially constant inside diameter. 

The annular sealing member 2270 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 2270 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and resistance to wear. 
10 The outside diameter of the annular sealing member 2270 preferably ranges from 

about 70 to 95 % of the inside diameter of the lower section of the wellbore casing that 
the casing 2 155 is joined to. In this manner, after expansion, the annular sealing 
member 2270 preferably provides a fluidic seal and also preferably provides sufficient 
frictional force with the inside surface of the existing section of wellbore casing during 
15 the radial expansion of the casing 2155 to support the casing 2155. 

The lower end 2275 of the casing 2155 includes a thin wall section 2280 and an 
outer annular sealing member 2285. The wall thickness of the thin wall section 2280 
is about 50 to 100 % of the regular wall thickness of the casing 2155. In this manner, 
the lower end 2275 of the casing 2155 may be easily expanded and deformed. 
20 Furthermore, in this manner, an other section of casing may be easily joined with the 
lower end 2275 of the casing 2 1 55 using a radial expansion process. The upper end of 
the other section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into the thin 
walled section 2280 of the lower end of the casing 2155 results in a wellbore casing 
> having a substantially constant inside diameter. 

The annular sealing member 2285 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 2285 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and wear resistance. 
The outside diameter of the annular sealing member 2285 preferably ranges from 
about 70 to 95 % of the inside diameter of the lower section of the existing wellbore 
casing that the casing 2155 is joined to. In this manner, the annular sealing member 
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2285 preferably provides a fluidie seal and also preferably provides sufficient frictional 
force with the inside wall of the wel.bore during the radia. expansion of the casing 
2 1 55 to support the casing 2155. 

During operation, the apparatus 2 1 00 is preferably positioned in a wellbore 
5 wi **-PPer end 2260 of the 

with the lower end of an existing wellbore easing. The thin wall section 2265 of the 
casing 2155 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of wellbore 
can* In this manner, the radial expansion of the casing 2155 will compress the thin 
10 wall sections and annular compressible members of the upper end 2260 of the casing 
21 55 and the lower end of the existing wellbore casing into intimate contact. During 
the positioning of the apparatus 2.00 in the wellbore, the casing 2155 is supported by 
the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidie material is then pumped 
mto the fluid passage 2160. The first fluidie material may comprise any number of 
conventional commercially available materials such as, for example, drilling mud 
water, epoxy, or cement. The first fluidie material comprises a hardenable fluidie 
sealing material such as, for example, cement or epoxy in order to provide a 
hardenable outer annular body around the expanded casing 2155. 

The first fluidie material may be pumped into the fluid passage 2 1 60 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 3,000 gallons/minute. The first fluidie material is pumped into the fluid passage 
2160 at operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 
1,200 gallons/minute in order to optimally provide operational efficiency. 

The first fluidie material pumped into the fluid passage 2160 passes through the 
flu.d passages 2165, 2170, 2175, 2180 and then outside of the apparatus 2100 The 
first fluidie material then fills the annular region between the outside of the apparatus 
2100 and the interior walls of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160. The plug 2245 
lodges in the throat passage 2240 and fluidicly isolates and blocks offthe fluid passage 
2175. A couple of volumes of a non-hardenable fluidie material are then pumped into 
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the nuid passage 2160 in order to remove any hardenable fluidic material contained 
within and to ensure that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. The 
second fluidic material may comprise any number of conventional commercially 
available materials such as, for example, drilling mud, water, drilling gases, or 
lubricants. The second fluidic material comprises a non-hardenable fluidic material 
such as, for example, water, drilling mud or lubricant in order to optimally provide 
pressurization of the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 2160 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The second fluidic material pumped into the fluid passage 2 1 60 passes through 
the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 of the slips 
2125, and into the pressure chamber 2250. Continued pumping of the second fluidic 
material pressurizes the pressure chambers 2195 and 2250. 

The pressurization of the pressure chambers 2195 causes the slip members 2205 
to expand in the radial direction and grip the interior surface of the casing 2155. The 
casing 2155 is then preferably maintained in a substantially stationary position. 

The pressurization of the pressure chamber 2250 causes the upper sealing head 
2130, outer sealing mandrel 2140 and expansion cone 2150 to move in an axial 
direction relative to the casing 2155. In this manner, the expansion cone 2150 will 
cause the casing 2155 to expand in the radial direction. 

During the radial expansion process, the casing 2155 is prevented from moving 
» an upward direction by the slips 2125. A length of the casing 2155 is then expanded 
m the radial direction through the pressurization of the pressure chamber 2250. The 
length of the casing 2155 that is expanded during the expansion process will be 
proportional to the stroke length of the upper sealing head 2130, outer sealing mandrel 
30 2 1 40, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material is reduced and the upper sealing head 2130, outer sealing mandrel 2140, and 
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expansion cone 2150 drop to their rest positions with the casing 2155 supported by the 
expansion cone 2150. The position of the drillpipe 2105 is preferably adjusted 
throughout the radial expansion process in order to maintain the overlapping 
relationship between the thin walled sections of the lower end of the existing wellbore 
casing and the upper end of the casing 2155. The stroking of the expansion cone 2150 
is then repeated, as necessary, until the thin walled section 2265 of the upper end 2260 
of the casing 2155 is expanded into the thin walled section of the lower end of the 
existing wellbore casing. In this manner, a wellbore casing is formed including two 
adjacent sections of casing having a substantially constant inside diameter. This 
process may then be repeated for the entirety of the wellbore to provide a wellbore 
casing thousands of feet in length having a substantially constant inside diameter. 

During the final stroke of the expansion cone 2150, the slips 2125 are 
positioned as close as possible to the thin walled section 2265 of the upper end of the 
casing 2155 in order minimize slippage between the casing 2155 and the existing 
wellbore casing at the end of the radial expansion process. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2270 is selected to ensure 
sufficient interference fit with the inside diameter of the lower end of the existing 
casing to prevent axial displacement of the casing 2155 during the final stroke. 
Alternatively, or in addition, the outside diameter of the annular sealing member 2285 
is selected to provide an interference fit with the inside walls of the wellbore at an 
earlier point in the radial expansion process so as to prevent further axial displacement 
of the casing 2155. In this final alternative, the interference fit is preferably selected 
to permit expansion of the casing 2155 by pulling the expansion cone 2150 out of the 
wellbore, without having to pressurize the pressure chamber 2250. 

During the radial expansion process, the pressurized areas of the apparatus 
2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure 
chambers 2195 within the slips 2125, and the pressure chamber 2250. No fluid 
pressure acts directly on the casing 2155. This permits the use of operating pressures 
higher than the casing 2155 could normally withstand. 

Once the casing 2155 has been completely expanded off of the expansion cone 
2150, remaining portions of the apparatus 2100 are removed from the wellbore The 
contact pressure between the deformed thin wall sections and compressible annular 
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member, of fc iower end of the existing csing and ^ upper end 2m of , he casing 
2155 ranges from abou, 500 ,„ 40,000 psi in order ,o optimally ^ the ming 
2155 using the existing wellbore casing. 

In this manner, the casing 2155 is radially expanded into contact with an 
existmg section of casing by pressurizing the interior fluid passages 2160, 2165 2170 
and 2175 and the pressure chamber 2250 of the apparatus 2 100. 

As required, the annular body of hardenable fluidic material is then allowed to 
cure to form a rigid outer annular body about the expanded casing 2155. In the case 
where the casing 2 1 55 is slotted, the cured fluidic materia, preferably permeates and 
envelops the expanded casing 2155. The resulting new section of wellbore casing 
mcludes the expanded casing 2 1 55 and the rigid outer annular body. The overlapping 
joint between the preexisting wellbore casing and the expanded casing 2 1 55 includes 
the deformed thin wall sections and the compressible outer annular bodies. The inner 
diameter of the resulting combined wellbore casings is substantially constant In this 
manner, a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular members having thin wall end portions with compressible annular 
bodies into contact can be repeated for the entire length of a wellbore. In this manner 
a mono-diameter wellbore casing can be provided for thousands of feet in a 
subterranean formation. 

As the expansion cone 2150 near* the upper end of the casing 2155 the 
operating flow rate of the second fluidic materia, is reduced in order to minimize shock 
to the apparatus 2100. In an alternative embodiment, the apparatus 2100 includes a 
shock absorber for absorbing the shock created by the completion of the radial 
expansion of the casing 2155. 

The reduced operating pressure of the second fluidic material ranges from about 
100 to 1,000 psi as the expansion cone 2130 nears the end of the casing 2155 in order 
to optimally provide reduced axial movement and velocity of the expansion cone 21 30 
The operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 2100 to the range of about 0 to 500 psi i„ order minimize the 
resistance to the movement of the expansion cone 2 1 30 during the return stroke. The 
stroke length of the apparatus 2100 ranges from about 10 to 45 feet in order to 
optimally provide equipment lengths that can be handled by conventional oil well 
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"gging equipment while also minimizing the frequency at which the expansion cone 
2130 must be stopped so that the apparatus 2100 can be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing head 2 1 30 
mcludes an expansion cone for radially expanding the casing 2 1 55 during operation of 
5 thea PP-tus2.00inorderto^ 

dunng the radial expansion process. In this manner, the operating pressures can be 
reduced. 

Alternatively, the apparatus 2100 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 2.00 may be used to 
d.rect.y line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 2100 may be used to 
expand a tubular support member in a hole. 

Referring now to Figures 17, 17a and 17b, another embodiment of an apparatus 
2300 for expanding a tubular member will be described. The apparatus 2300 
preferably includes a drillpipe 2305, an innerstring adapter 23 .0, a sealing sleeve 
23 1 5, a hydraulic slip body 2320, hydraulic slips 2325, an inner sealing mandrel 2330 
an upper sealing head 2335, a lower sealing head 2340, a load mandrel 2345, an outer' 
seahng mandrel 2350, an expansion cone 2355, a mechanical slip body 2360 
mechanical slips 2365, drag blocks 2370, casing 2375, fluid passages 2380 2385 
2390, 2395, 2400, 2405, 24.0, 24.5, and 2485, and mandrel launcher 2480. 

The drillpipe 2305 is coupled to the innerstring adapter 23.0. During operation 
of the apparatus 2300, the drillpipe 2305 supports the apparatus 2300. The drillpipe 
2305 preferably comprises a substantially hollow tubular member or members The 
dn.Ip.pe 2305 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The drillpipe 
2305 ,s fabricated from coiled tubing in order to facilitate the placement of the 
apparatus 2300 in non-vertical wellbore, The drillpipe 2305 may be coupled to the 

•rmerstring adapter 2310using any number of conventional commercially available 
mechamca. couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, or a standard threaded connection The 
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drillpipe 230S is removably coupled to the innerstnng adapter 23 1 0 by a drillpipe 
connection. 

The drillpipe 2305 preferably includes a fluid passage 2380 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2385. The fluid 
passage 2380 is adapted to convey fluidic materials such as, for example, cement, 
water, epoxy, drilling muds, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 5,000 gallons/minute in order to optimally provide 
operational efficiency. 

The innerstring adapter 23 10 is coupled to the drill string 2305 and the sealing 
sleeve 2315. The innerstring adapter 2310 preferably comprises a substantially hollow 
tubular member or members. The innerstring adapter 23 10 may be fabricated from 
any number of conventional commercially available materials such as, for example 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other ' 
similar high strength materials. The innerstring adapter 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The innerstring adapter 23 1 0 may be coupled to the drill string 2305 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. The innerstring adapter 23 1 0 is 
removably coupled to the drill pipe 2305 by a drillpipe connection. Tfre innerstring 
adapter 23 1 0 may be coupled to the sealing sleeve 23 15 using any number of 
conventional commercially available mechanical couplings such as, for example, . 
dnllpipe connection, oilfield country tubular goods specialty threaded connection 
standard threaded connection. The innerstring adapter 23 10 is removably coupled" to 
the sealing sleeve 23 15 by a standard threaded connection. 

The innerstring adapter 2310 preferably includes a fluid passage 2385 that is 
adapted to convey fluidic materials from the fluid passage 2380 into the fluid passage 
2390. The fluid passage 2385 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, water, drilling mud, drilling gases or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 



a 

or a 



-103- 



25791.07.12 ' • * * : . ; 

HL74402/004 • 

The sealing sleeve 23 1 5 is coupled to the innerstring adapter 23 1 0 and the 
hydraulic slip body 2320. The sealing sleeve 23 1 5 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 23 15 may be 
fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The sealing sleeve 23 15 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low-friction surfaces. 

The sealing sleeve 23 15 may be coupled to the innerstring adapter 2310 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connections, oilfield country tubular goods specialty threaded 
connections, or a standard threaded connection. The sealing sleeve 23 1 5 is removably 
coupled to the innerstring adapter 23 1 0 by a standard threaded connection. The 
sealing sleeve 2315 may be coupled to the hydraulic slip body 2320 using any number 
of conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. The sealing sleeve 2315 is removably coupled to the 
hydraulic slip body 2320 by a standard threaded connection. 

The sealing sleeve 2315 preferably includes a fluid passage 2390 that is adapted 
to convey fluidic materials from the fluid passage 2385 into the fluid passage 2395. 
The fluid passage 23 1 5 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrel 2330. The hydraulic slip body 
2320 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2320 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other high strength material. The 
hydraulic slip body 2320 is fabricated from carbon steel in order to optimally provide 
high strength at low cost. 
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The hydraulic slip body 2320 may be coupled to the sealing sleeve 23 15 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. The hydraulic slip body 2320 is 
removably coupled tothesealing sleeve 2315 by a standard threaded connection. The 
hydraulic slip body 2320 may be coupled to the slips 2325 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. The hydraulic slip 
body 2320 is removably coupled to the slips 2325 by a standard threaded connection. 
The hydraulic slip body 2320 may be coupled to the inner sealing mandrel 2330 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. The 
hydraulic slip body 2320 is removably coupled to the inner sealing mandrel 2330 by. a 
standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is 
adapted to convey fluidic materials from the fluid passage 2390 into the fluid passage 
2405. The fluid passage 2395 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slips body 2320 preferably includes fluid passage 2400 that are 
adapted to convey fluidic materials from the fluid passage 2395 into the pressure 
chambers 2420 of the hydraulic slips 2325. In this manner, the slips 2325 are activated 
upon the pressurization of the fluid passage 2395 into contact with the inside surface of 
the casing 2375. The fluid passages 2400 are adapted to convey fluidic materials such 
as, for example, water, drilling mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip body 
2320. During operation of the apparatus 2300, the slips 2325 are activated upon the 
pressurization of the fluid passage 2395 into contact with the inside surface of the 
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casing 2375. In this manner, the slips 2325 maintain the casing 2375 in a substantially 
stationary position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
5 comprise any number of conventional commercially available hydraulic slips such as 
for example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. The slips 2325 comprise RTTS packer tungsten 
carbide hydraulic slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 2375 during the radial 
1 0 expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 and 
the lower sealing head 2340. The inner sealing mandrel 2330 preferably comprises a 
substantially hollow tubular member or members. The inner sealing mandrel 2330 
may be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel 
stainless steel or other similar high strength materials. The inner sealing mandrel' 2330 
•s fabncated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low friction surfaces. 

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 2320 
usmg any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection The 
■nner sealing mandrel 2330 is removably coupled to the hydraulic slip body 2320 by a 
standard threaded connection. The inner sealing mandrel 2330 may be coupled to the 
lower sealing head 2340 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. The inner sealing mandrel 2330 is removably coupled 
to the lower sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that is 
adapted to convey fluidic materials from the fluid passage 2395 into the fluid passage 
2415. The fluid passage 2405 is adapted to convey fluidic materials such as for 
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example, cement, epoxy, water, drilling mud, or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 2345 and 
expansion cone 2355. The upper sealing head 2335 is also movably coupled to the 
outer surface of the inner sealing mandrel 2330 and the inner surface of the casing 
2375. In this manner, the upper sealing head 2335 reciprocates in the axial direction. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
2335 and the outer surface of the inner sealing mandrel 2330 may range, for example 
from about 0.0025 to 0.05 inches. The radial clearance between the inner cylindrical 
surface of the upper sealing head 2335 and the outer surface of the inner sealing 
mandrel 2330 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal clearance. The radial clearance between the outer cylindrical surface of the 
upper sealing head 2335 and the inner surface of the casing 2375 may range, for 
example, from about 0.025 to 0.375 inches. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the casing 
2375 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2355 during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2335 may be 
fabricated from any number of conventional commercially mailable materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The upper sealing head 2335 is fabricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2335 preferably 
includes one or more annular sealing members 2435 for sealing the interface between 
the upper sealing head 2335 and the inner sealing mandrel 2330. The sealing members 
2435 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2435 comprise polypak seals available from Parker Seals 
in order to optimally provide sealing for a long axial stroke. 

The upper sealing head 2335 includes a shoulder 2440 for supporting the upper 
sealing head on the lower sealing head 1930. 
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The upper sealing head 2335 may be coupled to the outer sealing mandrel 2350 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpi pe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection The 
5 upper sealing head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. The mechanical coupling between the upper sealing 
head 2335 and the outer sealing mandrel 2350 includes one or more sealing members 
2445 for fluidicly sealing the interface between the upper sealing head 2335 and the 
outer sealing mandrel 2350. The sealing members 2445 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings 
polypak seals or metal spring energized seals. The sealing members 2445 comprise' 
polypak seals available from Parker Seals in order to optimally provide sealing for 
long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and 
the load mandrel 2345. The lower sealing head 2340 is also movably coupled to the 
.nner surface of the outer sealing mandrel 2350. In this manner, the upper sealing head 
2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The radial 
clearance between the outer surface of the lower sealing head 2340 and the inner 
surface of the outer sealing mandrel 2350 may range, for example, from about 0.0025 
to 0.05 inches. The radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from about 
0.005 to 0.010 inches in order to optimally provide minimal radial clearance. 

The lower sealing head 2340 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2340 may be 
fabncated from any number of conventional commercially available materials such as 
for example, oilfield tubular members, low alloy steel, carbon steel, stainless steel or 
other s.m.lar high strength materials. The lower sealing head 2340 is fabricated from 
stamless steel in order to optimally provide high strength, corrosion resistance, and low 
fncnon surfaces. The outer surface of the lower sealing head 2340 preferably includes 
one or more annular sealing members 2450 for sealing the interface between the lower 
sealing head 2340 and the outer sealing mandrel 2350. The sealing members 2450 
may comprise any number of conventional commercially available annular sealing 
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members such as, for examp.e, o-rings, polypak seals or metal spring energized seals 
The sealing members 2450 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 2330 
5 usmg any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular specialty threaded 
connection, welding, amorphous bonding, or standard threaded connection. The lower 
sealmg head 2340 is removably coupled to the inner sealing mandrel 2330 by a 
standard threaded connection. The mechanical coupling between the lower sealing 
head 2340 and the inner sealing mandrel 2330 includes one or more sealmg members 
2455 for fluidicly sealing the interface between the lower sealing head 2340 and the 
mner sealing mandrel 2330. The sealing members 2455 may comprise any number of 
convene commercially available sealing members such as, for example, o-rings 
polypak or metal spring energized seals. The sealing members 2455 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 using 
any number of conventional commercial.y available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection The 
lower sealing head 2340 is removably coupled to the load mandrel 2345 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 2340 
and the load mandrel 2345 includes one or more sealing members 2460 for fluidicly 
sealmg the interface between the lower sealing head 2340 and the load mandrel 2345 
The sealing members 2460 may comprise any numb er of conventional commercially 
ava,.ab.e sealing members such as, for examp.e, o-rings, polypak seals or metal spring 
energ,zed seals. The sealing members 2460 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 

The lower sealing head 2340 includes a throat passage 2465 fluidicly coupled 
between the fluid passages 2405 and 2415. The throat passage 2465 is preferably of 
reduced size and is adapted to receive and engage with a plug 2470, or other similar 
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device. In this manner, the fluid passage 2405 is fluidiely isolated from the fluid 
passage 24 1 5. In this manner, the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 2335 and 
the expansions 2355. The outer sealing mandrel 2350 is also movab.y coupled to 
the ,nner surface of the casing 2375 and the outer surface of the lower sealing head 
2340. In this manner, the upper sealing head 2335, outer sealing mandrel 2350, and 
the expansion cone 2355 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 2350 and the inner surface of 
the casmg 2375 may range, for example, from about 0.025 to 0.375 inches. The radial 
clearance between the outer surface of the outer sealing mandrel 2350 and the inner 
surface of the casing 2375 ranges from about 0.025 to 0.125 inches in order to 
opt.ma.ly provide stabilization for the expansion cone 2355 during the expansion 
process. The radial clearance between the inner surface of the outer sealing mandrel 
2350 and the outer surface of the lower sealing head 2340 may range, for example, 
from about 0.0025 to 0.375 inches. The radial clearance between the inner surface of 
the outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.01 0 inches in order to optimally provide minima, 
clearance. 

The outer sealing mandrel 2350 preferably comprises an annular member 
baving snbaamially cylindrical inner a*, „ uter surfaCK , The outw S£a|ing ^ 
2350 may be fabricated from any number of conventional commercially available 
ma,erial S such as, fo, example, low alloy carbon steel, stata .ess stee, or other 
stmtlar high strengU, materials. The ou.er sealing mandrel 2350 is fabricated from 
srainlesss.ee! in order to optimally provide high strength, corrosion resistance, and 
*o low friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing head 2335 
natng any number of convent, commercially available mechanica , ^ 
as, for example, drillpipe connections, oilfield axmny tubular goods specialty threaded 

^'o-.welmng.anron.ho^b^ding.oras^arou^adcdconncction. The 
outer scaling is removaMy ^ ^ ^ ^ ^ ^ . 

sandard threaded connection. The outer sealing mandrel 2350 may be coupled to the 
exptmsion cone 2355 using any numbe r of conventional commercially available 
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mechanic,, ccupKnga such m for examp|e dri||pjpe ^ 
■ubular goods spKiall y lhreaded ^ _ ^ 

standard threaded connection. The outer sealing mandrel 2350 is removably coupled 
10 the expansion cone 2355 by a standart lhreaded connection. 
5 The upper sealing head 2335. me lower sading head 2340, the i„„„ a , Kng 

2475. The pressure chamber 2475 is fluidicly coupled >„ 0* passage 2405 via one or 
more passages 24m During operation oftha appa ra ,us 2300, the p,ug 2470 engages 
M ft. ta, passage 2465 ,0 fluidiCy isol a,e te „ uid passage 24 , , fron , fc 
'0 paasagc2405. The pressure chamber 2475 is ^ pressurize(i which fa tm , 

upper sealing head 2335, outer seaiing ma „drel 2350, and expansion cone 2355 ,„ 

3X131 direC ' i0 "- * «* of ft. expansion cone 2355 in turn 

expands (he casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to me lower sealing head 2340 and me 
mechanical slip body 2360. The load mandrel 2345 pmferabiy comprises . annul, 
member having subtly cylindrical inner and outer surfaces. The load mandrel 
2345 may be fabricaled from any number of conventional commercially available 
materials such as, fo, example, oilfield country .ubulargoods, low alloy steel, carbon 
steel, stainless steel or other similar high shength materials. The load mandrel 2345 is 
fabricated from stainless steel in order ,„ optimally provide high streogm, common 
resistance, and low friction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 using 
any number of conventional commercially available mechanical couplings such as, for 
example, dri.lpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. The load 
mandrel 2345 is removably coupled to the lower sealing head 2340 by a standard 
traded connection. The .oad mandrel 2345 may be coupled to the mechanical slip 
body 2360 using any number of conventional commercially available mechanical 
couphngs such as, for example, drillpipe connection, oilfield country tubular goods 
specalty threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The load mandrel 2345 is removably coupled to the mechanical slip body 
2360 by a standard threaded connection. 
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The load mandrel 2345 preferably include, a fluid passage 24 15 .ha, is adap.ed 
•o convey fluidic materials from fluid passage 2405 ,o ,he regiun outside of lhe 
appara.ua 2300. The fluid passage 24 ,5 is adap.ed «o convey fluidie materials such as 
for example, cement, epoxy, water, drilling mud or l„brica„, s a. operating pressures ' 
and flow ra.es ranging fr„ m aboul „ 10 cyjoo ^ ^^.^ 

The expansion cone 2355 ia coupled .o the outer sealing mandrel 2350 The 

expansion cone 2355 is also movably coupled to the inner surface of the caaing 2375 

In thts manner, the upper sealing head 2335, outer sealing mandrel 2350> ^ ^ 

expansion cone 2355 reeiproeate in the axial direction. The reci pro ca.i 0 „ of ,he 

expansion cone 2355 causes the casing 2375 to expand in the radia. direction 

The expamtion cone 2355 preferably comprises an annular member having 

substantially cylindrical inner and conical outer surfaces. The outside radius ofthe 

outstde conical surface may range, for example, from about 2 to 34 inches The 

outs.de radius of the outaide conica, surface ranges from about 3 to 28 inches in order 

to opnmally provide radial expansion of the typical caaings. The axial length ofthe 

expansion cone 2355 may range, f„ r example, from about 2 ,„ 8 dmes the largest 

«** diameter of me expansion cone 2355. The axia, lengfl, of the expansion cone 

2 tangea from about 3 .0 5 times the largest outside diameter of the expansion cone 
2355 ,„ „„„ t0 op|ima||y ^ ^ ^ ^ ^ 

2355 dunng ,he expansion proceas. The angle of attack of the expansion cone 2355 
ranges from about 5 ,„ 30 degrees in „ r<1 er to optimatty frictiona, forces with radial 
expansion force, The optimum angle of attack of the expansion cone 2355 will vary 
as a function of the „p er a ling of te 

The expansion cone 2355 may be fabricated from any number of conventional 
commercially available materials such as, for examp,e, machine too, steel, nitride stee, 
•"antum. mgXm cart)ide> „ ^ ^ ^ ^ ^ 

expa^ion cone 2355 is fabricated from D2 machine tool s,ee, in order ,„ optimally 
pn>v,de high sttength, abrasion resists, and galling resist. The outside surface 
of .he expansion cone 2355 has a surface hardness ranging f r „ m about 58 to 62 
RockweH c in order ,o optimally provide high sttengflt, abrasion resiMance _ 
to galling. 
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The expansion cone 2355 may be coupled ,„ the outside sealing mandrel 2350 
™ng any number of conveorional commereja||y avajlab|e ^ 
as, fo, exampie, drillpipe connection, oilfield countty rubutar goods specialty threaded 

^"""•w^ing, amorphous bonding, or a standard threaded e„ m ec,io„ The 
expansion roM 2355 is ^ „ fc ^ ^ ^ ^ ^ 

•hreaded connection in order ,„ optimally provide Mgh ^ ^ fc 
expansion cone 2355 to be easily replaced. 

The mamlrel launcher 2480 is coupled to Ok casing 2375. The mandrel 
launcher 2480 comprises a tubular section ofeasing having . ^ wa „ 
compared to me casing 2375. The wall thickness of the mandrel launcher 2480 is 
abou, 50 ,o ,00 % of the wal, thickness of the easing 2375. In this manner, the 
m,.ta„„„ of .he radia , expansio „ of ^ ^ m fe ^ ^ _ 

the apparatus 2300 into a wellbore casing ami wellborc is facilitated. 
The mandrel 2m may ^ ^ ^ ^ ^ 

nuraber of conventional mechanical co„ pli „g, The mamlrel .auncher 2480 may have 
a wall thickness ranging, torcKmpk , tam about0 |5 ,„ ^ ^ 

*,ckneas of the mandrel launcher 2480 ranges from abou, 0.25 ,o 0.75 inches in order 

-o oprtmally provide high strength in a minima, p rofl | e . The mandre, launcher 2480 

-^^^"nynumberof^™^^^,,^,^^ 
such as, fi, example , , nRM ^ ^ ^ ^ ^ ^ ^ ^ 

or •« er armilar high snength materia,, The mandre, .auncher 2480 is fabricared from 
odfield tubuhe- goods having a higher strength man that of rhe easing 2375 bu, wim a 

^^^-*anmeea stag 2375morder to op,i»^ l , pro v i d.. 1 h i „wn 1 ,e <l 
conamer having approxinunely the same bum, strengfi, as tha. of fire casing 2375 

The mechanical slip body 2360 is coupled to the load mandrel 2345 the 
mechanic*, sli p S 2365, and the drag blocks 2370. The mechanical afip body 2360 
pre erabl, comprises a ,„b„,ar member having an imer p^, 2485 flui 
.omepassage24,5. ,„ rhis manner, fluidie materials may be conveyed from me 
passage 2484 to a region ourside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 using 
any number of conventional mechanical couplings. The mrehanica , sU ^ 
removably coupled ,o the ,oad mandre, 2345 using .breads and aiding stt e, retaining 
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rings in order to optimally provide a high strength attachment. The mechanical slip 
body 2360 may be coupled to the mechanical slips 2365 using any number of 
conventional mechanical couplings. The mechanical slip body 2360 is removably 
coup.ed to the mechanical slips 2365 using threads and sliding steel retaining rings in 
order to optimally provide a high strength attachment. The mechanical slip body 2360 
may be coupled to the drag blocks 2370 using any number of conventional mechanical 
couphngs. The mechanical slip body 2360 is removably coupled to the drag blocks 
2365 using threads and sliding steel retaining rings in order to optimally provide a high 
strength attachment. 

The mechanical slips 2365 are coupled to the outside surface of the mechanical 
shp body 2360. During operation of the apparatus 2300, the mechanical slips 2365 
prevent upward movement of the casing 2375 and mandrel launcher 2480 In this 
manner, during the axial reciprocation of the expansion cone 2355, the casing 2375 
and mandrel launcher 2480 are maintained in a substantially stationary position In 
this manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direct.on by the axial movement of the expansion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer tungsten 
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L 
retnevable bridge plug tungsten carbide upper mechanical slips. The mechanical slips 
2365 comprise RTTS packer tungsten carbide mechanical slips available from 
Halhburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 2375 during the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the mechanical slip 
body 2360. During operation of the apparatus 2300, the drag blocks 2370 prevent 
upward movement of the casing 2375 and mandrel launcher 2480. In this manner 
dunng the axial reciprocation of the expansion cone 2355, the casing 2375 and 
mandrel launcher 2480 are maintained in a substantially stationary position In this 
manner, the mandrel launcher 2480 andcasing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 

The drag blocks 2370 may comprise any number of conventional commercially 
available mechanical slips such as, for example, RTTS packer mechanical drag blocks 
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or Mode! 3L retrievable bridge plug drag blocks. The drag blocks 2370 comprise 
RTTS packer mechanical drag blocks available from Halliburton Energy Services in 
order to optimally provide resistance to axial movement of the casing 2375 during the 
expansion process. 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is 
further removably coupled to the mechanical slips 2365 and drag blocks 2370. The 
casing 2375 preferably comprises a tubular member. The casing 2375 may be 
fabricated from any number of conventional commercially available materials such as 
for example, slotted tubulars, oil country tubular goods, carbon steel, low alloy steel 
stamless steel or other similar high strength materials. The casing 2375 is fabricated 
from oilfield country tubular goods available from various foreign and domestic steel 
nulls in order to optimally provide high strength. The upper end of the casing 2375 
includes one or more sealing members positioned about the exterior of the casing 
2375. 

During operation, the apparatus 2300 is positioned in a wellbore with the upper 
end of the casing 2375 positioned in an overlapping relationship within an existing 
wellbore casing. In order minimize surge pressures within the borehole during 
placement of the apparatus 2300, the fluid passage 2380 is preferably provided with 
one or more pressure relief passages. During the placement of the apparatus 2300 in 
the wellbore, the casing 2375 is supported by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fluidic material is 
pumped into the fluid passage 2380 from a surface location. The first fluidic material 
is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 2395, 2405, 
2415, and 2485. The first fluidic material will then exit the apparatus 2300 and fill the 
annular region between the outside of the apparatus 2300 and the interior walls of the 
bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, epoxy, drilling mud, slag mix 
cement, or water. The first fluidic material comprises a hardenable fluidic sealing 
material such as, for example, slag mix, epoxy, or cement In this manner, a wellbore 
casmg having an outer annular layer of a hardenable material may be formed 
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The first fluidic material may be pumped into the apparatus 2300 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. The first fluidic material is pumped into the apparatus 2300 at 
operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 
gallons/minute in order to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such as, for 
example, after the annular region outside of the apparatus 2300 has been filled to a' 
predetermined level, a plug 2470, dart, or other similar device is introduced into the 
flrst fluidic material. The plug 2470 lodges in the throat passage 2465 thereby 
fluidicly isolating the fluid passage 2405 from the fluid passage 24 1 5. 

After placement of the plug 2470 in the throat passage 2465, a second fluidic 
malenal is pumped into the fluid passage 2380 in order to pressurize the pressure 
chamber 2475. The second fluidic materia, may comprise any number of conventional 
commercially available materials such as, for examp.e, water, drilling gases, drilling 
mud or lubricants. The second fluidic material comprises a non-hardenabie fluidic 
matenal such as, for example, water, drilling mud or lubricant. 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The second fluidic material is pumped into the apparatus 
2300 at operatmg pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 
1 ,200 gallons/minute in order to optimally provide operational efficiency. 

The pressurization of the pressure chamber 2475 causes the upper sealing head 
2335, outer sealing mandrel 2350, and expansion cone 2355 to move in an axial 
d,rection. The pressurization of the pressure chamber 2475 also causes the hydraulic 
shps 2325 to expand in the radial direction and hold the casing 2375 in a substantially 
stationary position. Furthermore, as the expansion cone 2355 moves in the axial 
chrecfon, the expansion cone 2355 pulls the mandrel launcher 2480 and drag blocks 
2370 along, which sets the mechanical slips 2365 and stops further axial movement of 
the mandrel launcher 2480 and casing 2375. In this manner, the axial movement of the 
expans.cn cone 2355 radially expands the mandrel launcher 2480 and casing 2375 

Once the upper sealing head 2335, outer sealing mandrel 2350, and expansion 
cone 2355 complete an axial stroke, the operating pressure of the second fluidic 
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material is reduced. The reduction in the operating pressure of the second fluidic 
material releases the hydraulic slips 2325. The drill string 2305 is then raised. This 
causes the inner sealing mandrel 2330, lower sealing head 2340, load mandrel 2345, 
and mechanical slip body 2360 to move upward. This unsets the mechanical slips ' 
2365 and permits the mechanical slips 2365 and drag blocks 2370 to be moved within 
the mandrel launcher 2480 and casing 2375. When the lower sealing head 2340 
contacts the upper sealing head 2335, the second fluidic material is again pressurized 
and the radial expansion process continues. In this manner, the mandrel launcher 2480 
and casing 2375 are radial expanded through repeated axial strokes of the upper 

sealing head 2335, outer sealing mandrel 2350 and expansion cone 2355. Throughput 
the radial expansion process, the upper end of the casing 2375 is preferably maintained 
in an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2375 is 
expanded into intimate contact with the inside surface of the lower end of the existing 
wellbore casing. The sealing members provided at the upper end of the casing 2375 
provide a fluidic seal between the outside surface of the upper end of the casing 2375 " 
and the inside surface of the lower end of the existing wellbore casing. The contact 
pressure between the casing 2375 and the existing section of wellbore casing ranges 
from about 400 to 1 0,000 psi in order to optimally provide contact pressure, activate 
the sealing members, and withstand typical tensile and compressive loading 
conditions. 

As the expansion cone 2355 nears the upper end of the casing 2375, the 
operating pressure of the second fluidic material is reduced in order to minimize shock 
to the apparatus 2300. In an alternative embodiment, the apparatus 2300 includes a 
shock absorber for absorbing the shock created by the completion of the radial 
expansion of the casing 2375. 

The reduced operating pressure of the second fluidic material ranges from about 
100 to 1,000 psi as the expansion cone 2355 nears the end of the casing 2375 in order 
to optimally provide reduced axial movement and velocity of the expansion cone 2355. 
The operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 2300 to the range of about 0 to 500 psi in order minimize the 
resistance to the movement of the expansion cone 2355 during the return stroke. The 
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stroke length of the apparatus 2300 ranges from about 10 to 45 feet in order to 
optimally provide equipment that can be handled by typical oil well rigging equipment 
and minimize the frequency at which the expansion cone 2355 must be stopped to 
permit the apparatus 2300 to be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing head 2335 
includes an expansion cone for radially expanding the mandrel launcher 2480 and 
casing 2375 during operation of the apparatus 2300 in order to increase the surface 
area of the casing 2375 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips 2365 are positioned in an axial 
location between the sealing sleeve 23 15 and the inner sealing mandrel 2330 in order 
to optimally the construction and operation of the apparatus 2300. 

Upon the complete radial expansion of the casing 2375, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside of 
the expanded casing 2375 and the interior walls of the wellbore. In the case where the 
casing 2375 is slotted, the cured fluidic material preferably permeates and envelops the 
expanded casing 2375. In this manner, a new section of wellbore casing is formed 
within a wellbore. Alternatively, the apparatus 2300 may be used to join a first section 
of pipeline to an existing section of pipeline. Alternatively, the apparatus 2300 may be 
used to directly line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, the apparatus 2300 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 2410, 
and the pressure chamber 2475. No fluid pressure acts directly on the mandrel 
launcher 2480 and casing 2375. This permits the use of operating pressures higher 
than the mandrel launcher 2480 and casing 2375 could normally withstand. 

Referring now to Figure 1 8, an apparatus 2500 for forming a mono-diameter 
wellbore casing will be described. The apparatus 2500 preferably includes a drillpipe 
2505, an innerstring adapter 2510, a sealing sleeve 2515, a hydraulic slip body 2520, 
hydraulic slips 2525, an inner sealing mandrel 2530, upper sealing head 2535, lower 
sealing head 2540, outer sealing mandrel 2545, load mandrel 2550, expansion cone 
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2555, casing 2560, and fluid passages 2565, 2570, 2575, 2580, 2585, 2590, 2595, and 
2600. 

Thedrillpipe2505iscoupledtotheinners fr ingadapt e r25.0. During operation 
of the apparatus 2500, the dril.pipe 2505 supports the apparatus 2500. The drillpipe 
2505 preferably comprises a substantially hollow tubular member or member The 
dnllpipe 2505 may be fabricated from any number of conventional commercially 
ava,lable materials such as, for example, oilfield country tubular goods, low alloy 
steen carbon steel, stainless steel or other similar high strength material, The dril.pipe 
2505 ,s fabricated from coiled tubing in order to facilitate the placement of the 
apparatus 2500 in non-vertical wellbores. The drillpipe 2505 may be coupled to the 
•nnemring adapter 2510using any number of conventional commencially available 
mechamcal couplings such as, for example, dril.pipe connection, oilfield country 
tubular goods specialty threaded connection, or a standard threaded connection The 
dnllp,pe 2505 is removably coupled to the innerstring adapter 25.0 by a drillpipe 
connects a drillpipe connection provides the advantages of high strength and easy 
disassembly. 

The drillpipe 2505 preferably includes a fluid passage 2565 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2570. The fluid 
passage 2565 is adapted to convey fluidic materials such as, for example, cement 
epoxy, water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the sealing 
sleeve 2515. The innerstring adapter 2510 preferably comprises a substantially hollow 
tubular member or members. The innerstring adapter 2510 may be fabricated from 
any number of conventional commercially available materials such as, for example 
odfield country tubular goods, low alloy steel, carbon steel, stainless steel or other ' 
s.m,lar high strength materials. The innerstring adapter 2510 is fabricated from 
stamless steel in order to optimaHy provide high strength, corrosion resistance, and low 
friction surfaces. 

The innemrmg adapter 25 1 0 may be coupled to the drill string 2505 using any 
number of conventional commercially available mechanical couplings such as for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
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connection, or a standard threaded connection. The innerstring adapter 25 1 0 is 
removably coupled to the drill pipe 2505 by a dril.pipe connection. The innerstring 
adapter 25 1 0 may be coupled to the sealing sleeve 25 1 5 using any number of 
conventional commercially available mechanical couplings such as, for example 
dnllpipe connection, oilfield country tubular goods specialty type threaded connection 
ratchet-latch type threaded connection or a standard threaded connection. The 
innerstring adapter 2510 is removably coupled to the sealing sleeve 2515 by a standard 
threaded connection. 

The innerstring adapter 25 1 0 preferably includes a fluid passage 2570 that is 
adapted to convey fluidic materials from the fluid passage 2565 into the fluid passage 
2575. The fluid passage 2570 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 25 1 5 is coupled to the innerstring adapter 25 1 0 and the 
hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 25 1 5 may be 
fabncated from any number of conventional commercially available materials such as 
for example, oilfield country tubular goods, low alloy steel, carbon steel, stamps steel 
or other similar high strength materials. The sealing sleeve 25 15 is fabricated from 
stamless steel in order to optimally provide high strength, con-osion resistance, and 
low- friction surfaces. 

The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 using 
any number of conventional commercially available mechanical couplings such as, for 
example, dnllpipe connections, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded connection 
The sealing sleeve 2515 is removably coupled to the innerstring adapter 2510 by a 
standard threaded connection. The sealing sleeve 2515 may be coupled to the 
hydraulic slip body 2520 using any number of conventional commercially available 
mechamcal couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. Tne sealing sleeve 2515 is removably 
coupled to the hydraulic slip body 2520 by a standard threaded connection 
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The sealing sleeve 2515 preferably includes a fluid passage 2575 that is adapted 
to convey fluidic materials from the fluid passage 2570 into the fluid passage 2580 
The fluid passage 2575 is adapted to convey fluidic materials such as, for example 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow rates 
rangmg from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515 the 
hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 
2520 preferably comprises a substantially hollow tubular member or members The 
hydraulic slip body 2520 may be fabricated from any number of conventional 
commercially available materials such as, for examp.e, oilfield country tubular goods 
low alloy steel, carbon steel, stainless steel or other similar high strength materials 
The hydraulic slip body 2520 is fabricated from carbon steel in order to optimally 
provide high strength. 

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 using 

anynumberofconventionalcommerciallyavailablemechanicalcouplingssuchas for 
example, dril.pipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-.atch type threaded connection or a standard threaded connection 
The hydraulic slip body 2520 is removably coupled to the sealing sleeve 25.5 by a 
standard threaded connection. The hydraulic slip body 2520 may be coupled to the 
shps 2525 using any number of conventional commercially available mechanical 
couphngs such as, for example, threaded connection or welding. The hydraulic slip 
body 2520 is removably coupled to the slips 2525 by a threaded connection. The 
hydraulic slip body 2520 may be coupled to the inner sealing mandrel 2530 using any 
number of conventional commercially available mechanical couplings such as for 
example, dril.pipe connection, oilfield country tubular goods specialty type threaded 
connects, welding, amorphous bonding or a standard threaded connection The 
hydraulic slip body 2520 is removably coupled to the inner sealing mandrel 2530 by a 
standard threaded connection. 
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example, cement, epoxy, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

Hie hydraulic slips body 2520 preferably includes fluid passages 2585 that are 
adapted to convey fluidic materials from the fluid passage 2580 into the pressure 
chambers of the hydraulic slips 2525. In this manner, the slips 2525 are activated upon 
the pressurization of the fluid passage 2580 into contact with the inside surface of the 
casing 2560. The fluid passages 2585 are adapted to convey fluidic materials such as, 
for example, water, drilling mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2525 are coupled to the outside surface of the hydraulic slip body 
2520. During operation of the apparatus 2500, the slips 2525 are activated upon the 
pressurization of the fluid passage 2580 into contact with the inside surface of the 
casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a substantially 
stationary position. 

The slips 2525 preferably include the fluid passages 2585, the pressure 
chambers 2605, spring bias 26 1 0, and slip members 26 1 5. The slips 2525 may 
comprise any number of conventional commercially available hydraulic slips such as, 
for example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. The slips 2525 comprise RTTS packer tungsten 
carbide hydraulic slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 2560 during the 
expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 2520 and 
the lower sealing head 2540. The inner sealing mandrel 2530 preferably comprises a 
substantially hollow tubular member or members. The inner sealing mandrel 2530 
may be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The inner sealing mandrel 2530 
is fabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low friction surfaces. 

The inner sealing mandrel 2530 may be coupled to the hydraulic slip body 2520 
using any number of conventional commercially available mechanical couplings such 
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as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded connection. 
The inner sealing mandrel 2530 is removably coupled to the hydraulic slip body 2520 
by a standard threaded connection. The inner sealing mandrel 2530 may be coupled 
to the lower sealing head 2540 usjng any number of conventional commercially 
available mechanical couplings such as, for example, oilfield country tubular goods 
specialty type threaded connection, drillpipe connection, welding, amorphous bonding, 
or a standard threaded connection. The inner sealing mandrel 2530 is removably 
coupled to the lower sealing head 2540 by a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that is 
adapted to convey fluidic materials from the fluid passage 2580 into the fluid passage 
2600. The fluid passage 2590 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and 
expansion cone 2555. The upper sealing head 2535 is also movably coupled to the 
outer surface of the inner sealing jnandrel 2530 and the inner surface of the casing 
2560. In this manner, the upper sealing head 2535 reciprocates in the axial direction. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
2535 and the outer surface of the inner sealing mandrel 2530 may range, for example, 
from about 0.0025 to 0.05 inches. The radial clearance between the inner cylindrical 
surface of the upper sealing head 2535 and the outer surface of the inner sealing 
mandrel 2530 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between the outer cylindrical surface of 
the upper sealing head 2535 and the inner surface of the casing 2560 may range, for 
example, from about 0.025 to 0.375 inches. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2535 and the inner surface of the casing 
2560 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2535 during the expansion process. 

The upper sealing head 2535 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2535 may be 
fabricated from any number of conventional commercially available materials such as, 
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for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The upper sealing head 2535 is fabricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2535 preferably 
5 includes one or more annular sealing members 2620 for sealing the interface between 
the upper sealing head 2535 and the inner sealing mandrel 2530. The sealing members 
2620 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. The sealing members 2620 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The upper sealing head 2535 includes a shoulder 2625 for supporting the upper 
sealing head 2535, outer sealing mandrel 2545, and expansion cone 2555 on the lower 
sealing head 2540. 

The upper sealing head 2535 may be coupled to the outer sealing mandrel 2545 
using any number of conventional commercially available mechanical couplings such 
as, for example, oilfield country tubular goods specialty threaded connection, pipeline 
connection, welding, amorphous bonding, or a standard threaded connection. The 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 by a 
standard threaded connection. The mechanical coupling between the upper sealing 
head 2535 and the outer sealing mandrel 2545 includes one or more sealing members 
2630 for fluidicly sealing the interface between the upper sealing head 2535 and the 
outer sealing mandrel 2545. The sealing members 2630 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. The sealing members 2630 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 and 
the load mandrel 2550. The lower sealing head 2540 is also movably coupled to the 
inner surface of the outer sealing mandrel 2545. In this manner, the upper sealing head 
30 2535, outer sealing mandrel 2545, and expansion cone 2555 reciprocate in the axial 
direction. 
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The radial clearance between the outer surface of the lower sealing head 2540 
and the inner surface of the outer sealing mandrel 2545 may range, for example, from 
about 0.0025 to 0.05 inches. The radial clearance between the outer surface of the 
lower sealing head 2540 and the inner surface of the outer sealing mandrel 2545 ranges 
from about 0.005 to 0.01 inches in order to optimally provide minimal radial clearance. 

The lower sealing head 2540 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2540 may be 
fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The lower sealing head 2540 is fabricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the lower sealing head 2540 preferably 
includes one or more annular sealing members 2635 for sealing the interface between 
the lower sealing head 2540 and the outer sealing mandrel 2545. The sealing members 
2635 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. The sealing members 2635 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 2530 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connections, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. The lower sealing head 2540 is 
removably coupled to the inner sealing mandrel 2530 by a standard threaded 
connection. The mechanical coupling between the lower sealing head 2540 and the 
inner sealing mandrel 2530 includes one or more sealing members 2640 for fluidicly 
sealing the interface between the lower sealing head 2540 and the inner sealing 
mandrel 2530. The sealing members 2640 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. The sealing members 2640 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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The lower sealing head 2540 may be coupled to the load mandrel 2550 using 
any number of conventional commercially available mechanical couplings such as for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection The 
5 lower sealing head 2540 is removably coupled to the load mandrel 2550 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 2540 
and the load mandrel 2550 includes one or more sealing members 2645 for fluidicly 
sealmg the interface between the lower sealing head 2540 and the load mandrel 2550 
The sealing members 2645 may comprise any number of conventional commercially 
avadable sealing members such as, for example, o-rings, polypak seals or metal spring 
energ,zed seals. The sealing members 2645 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 includes a throat passage 2650 fluidicly coupled 
between the fluid passages 2590 and 2600. The throat passage 2650 is preferably of 
reduced size and is adapted to receive and engage with a plug 2655, or othersimilar 
dev.ce. In this manner, the fluid passage 2590 is fluidicly isolated from the fluid 
passage 2600. In this manner, the pressure chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 2535 and 
the expansion cone 2555. The outer sealing mandrel 2545 is also movably coupled to 
the ,nner surface of the casing 2560 and the outer surface of the lower sealing head 
2540. In this manner, the upper sealing head 2535, outer sealing mandrel 2545, and 
the expansion cone 2555 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 2545 and the inner surface of 
the cas.ng 2560 may range, for example, from about 0.025 to 0.375 inches. The radial 
clearance between the outer surface of the outer sealing mandrel 2545 and the inner 
surface of the casing 2560 ranges from about 0.025 to 0.125 inches in order to 
opnmally provide stabilization for the expansion cone 2535 during the expansion 
process. The radial clearance between the inner surface of the outer sealing mandrel 

from about 0.005 to 0.0, inches. The radia, clearance between the inner surface of the 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 ranges 
from about0.005to0.0, inches in order to optimally provide minimal radia. clearance 
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The outer sealing mandrel 2545 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2545 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. The outer sealing mandrel 
2545 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing head 2535 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield counuy tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded connection. 
The outer sealing mandrel 2545 is removably coupled to the upper sealing head 2535 
by a standard threaded connection. The outer sealing mandrel 2545 may be coupled to 
the expansion cone 2555 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. The outer sealing mandrel 2545 is removably coupled 
to the expansion cone 2555 by a standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner sealing 
mandrel 2530, and the outer sealing mandrel 2545 together define a pressure chamber 
2660. The pressure chamber 2660 is fluidicly coupled to the passage 2590 via one or 
more passages 2595. During operation of the apparatus 2500, the plug 2655 engages 
with the throat passage 2650 to fluidicly isolate the fluid passage 2590 from the fluid 
passage 2600. The pressure chamber 2660 is then pressurized which in turn causes the 
upper sealing head 2535, outer sealing mandrel 2545, and expansion cone 2555 to 
reciprocate in the axial direction. The axial motion of the expansion cone 2555 in turn 
expands the casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The load 
mandrel 2550 preferably comprises an annular member having substantially cylindrical 
inner and outer surfaces. The load mandrel 2550 may be fabricated from any number 
of conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
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strength materials. The load mandrel 2550 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 using 
any number of conventional commercially available mechanical couplings such as, for 
example, oilfield country tubular goods, drillpipe connection, welding, amorphous' 
bonding, or a standard threaded connection. The load mandrel 2550 is removably 
coupled to the lower sealing head 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is adapted 
to convey fluidic materials from the fluid passage 2590 to the region outside of the 
apparatus 2500. The fluid passage 2600 is adapted to convey fluidic materials such as, 
for example, cement, epoxy, water, drilling mud, or lubricants at operating pressures 
and flow rates ranging, for example, from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The 
expansion cone 2555 is also movably coupled to the inner surface of the casing 2560. 
In this manner, the upper sealing head 2535, outer sealing mandrel 2545, and the 
expansion cone 2555 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2555 causes the casing 2560 to expand in the radial direction. 

The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 in order to 
optimally provide radial expansion for the widest variety of tubular casings. The axial 
length of the expansion cone 2555 may range, for example, from about 2 to 8 times the ■ 
largest outside diameter of the expansion cone 2535. The axial length of the expansion 
cone 2535 ranges from about 3 to 5 times the largest outside diameter of the expansion 
cone 2535 in order to optimally provide stabilization and centralization of the 
expansion cone 2535 during the expansion process. The maximum outside diameter of 
the expansion cone 2555 is between about 95 to 99 % of the inside diameter of the 
existing wellbore that the casing 2560 will be joined with. The angle of attack of the 
expansion cone 2555 ranges from about 5 to 30 degrees in order to optimally balance 
factional forces and radial expansion forces. The optimum angle of attack of the 
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expansion cone 2535 will vary as a function of the particular operational features of 
the expansion operation. 

The expansion cone 2555 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride steel, 
titanium, tungsten carbide, ceramics or other similar high strength materials. The 
expansion cone 2555 is fabricated from D2 machine tool steel in order to optimally 
provide high strength, and resistance to wear and galling. The outside surface of the 
expansion cone 2555 has a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally provide high strength and wear resistance. 

The expansion cone 2555 may be coupled to the outside sealing mandrel 2545 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. The 
expansion cone 2555 is coupled to the outside sealing mandrel 2545 using a standard 
threaded connection in order to optimally provide high strength and easy replacement 
of the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion cone 
2555. The casing 2560 preferably comprises a tubular member. The casing 2560 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. The casing 2560 is 
fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide high strength using standardized 
materials. 

The upper end 2665 of the casing 2560 includes a thin wall section 2670 and an 
outer annular sealing member 2675. The wall thickness of the thin wall section 2670 
is about 50 to 100 % of the regular wall thickness of the casing 2560. In this manner, 
the upper end 2665 of the casing 2560 may be easily radially expanded and deformed 
into intimate contact with the lower end of an existing section of wellbore casing. The 
lower end of the existing section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section 2670 of casing 2560 into the 
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thin walled section of the existing wellbore casing results in a weilbo re casing having £ 
substantially constant inside diameter. 

The annular sealing member 2675 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example epoxy 
5 rubber, metal, or plastic. The annular sealing member 2675 is fabricated from 

StrataLock epoxy in order to optimally provide compressibility and resistance to wear 
The outside diameter of the annular sealing member 2675 preferably ranges from 
about 70 to 95 % of the inside diameter of the lower section of the wellbore casing that 
thecasin g 2560isjoinedto. In this manner, after radial expansion, the annular sealing 
10 member 2670 optimally provides a fluidic seal and also preferably optimally provides 
sufficient frictional force with the inside surface of the existing section of wellbore 
casmg during the radial expansion of the casing 2560 to support the casing 2560 

The lower end 2680 of the casing 2560 includes a thin wall section 2685 and an 
outer annular sealing member 2690. The wall thickness of the thin wall section 2685 
is about 50 to ,00 % of the regular wall thickness of the casing 2560. In this manner 
the lower end 2680 of the casing 2560 may be easily expanded and deformed 
Furthermore, in this manner, an other section of casing may be easily joined with the 
lower end 2680 of the casing 2560 using a radial expansion process. Tne upper end of 
the other section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into the thin 
walled section 2685 of the lower end 2680 of the casing 2560 results in a wellbore 
casing having a substantially constant inside diameter. 

The annular sealing member 2690 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, rubber 
metal, plastic or epoxy. The annular sealing member 2690 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and resistance to wear 
The outside diameter of the annular sealing member 2690 preferably ranges from 
about 70 to 95 % of the inside diameter of the .ower section of the existing wellbore 
casmgthatthecasing 2560 is joined to. In this manner, after radial expansion the 
annular sealing member 2690 preferably provides a fluidic sea. and also preferably 
Provides sufficient frictional force with the inside wall of the wellbore during the radial 
expansion of the casing 2560 to support the casing 2560. 
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During operation, the apparatus 2500 is preferably positioned in a wellbore 
with the upper end 2665 of the casing 2560 positioned in an overlapping relationship 
w,th the lower end of an existing wellbore casing. The thin wall section 2670 of the 
casing 2560 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of wellbore 
casing. In this manner, the radial expansion of the casing 2560 will compress the thin 
wall sections and annular compressible members of the upper end 2665 of the casing 
2560 and the lower end of the existing wellbore casing into intimate contact. During 
the positioning of the apparatus 2500 in the wellbore, the casing 2560 is supported by 
the expansion cone 2555. 

Aaer positioning of the apparatus 2500, a first fluidic material is then pumped 
into the fluid passage 2565. The first fluidic material may comprise any number of 
conventional commercially available materials such as, for example, cement, water, 
slag-mix, epoxy or drilling mud. The first fluidic material comprises a hardenable ' 
fluidic sealing material such as, for example, cement, epoxy, or slag-mix in order to 
optimally provide a hardenable outer annular body around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 3,000 gallons/minute. The first fluidic material is pumped into the fluid passage 
2565 at operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 
1,200 gallons/minute in order to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2565 passes through the 
fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 2500. 
The first fluidic material then preferably fills the annular region between the outside of 
the apparatus 2500 and the interior walls of the wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. The plug 2655 
lodges in the throat passage 2650 and fluidicly isolates and blocks offthe fluid passage 
2590. A couple of volumes of a non-hardenable fluidic material are then pumped into 
the fluid passage 2565 in order to remove any hardenable fluidic material contained 
within and to ensure that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. The 
second fluidic material may comprise any number of conventional commercially 
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available materials such as, for example, water, drilling gases, drilling mud or 
lubncant. The second fluidic material comprises a non-hardenable fluidic materia, 
such as, for example, water, drilling mud, or lubricant in order to optimally provide 
pressurization of the pressure chamber 2660 and minimize friction. 
5 The second fluidic material may be pumped into the fluid passage 2565 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 2565 at operating pressures and flow rates ranging from about 0 to 3 500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency 

The second fluidic material pumped into the fluid passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590 and into the pressure chambers 2605 of the 
slips 2525, and into the pressure chamber 2660. Continued pumping of the second 
flu.d.c material pressurizes the pressure chambers 2605 and 2660. 

The pressurization of the pressure chambers 2605 causes the slip members 2525 
to expand in the radial direction and grip the interior surface of the casing 2560 The 
casmg 2560 is then preferably maintained in a substantially stationary position 

The pressurization of the pressure chamber 2660 causes the upper sealing head 
2535, outer sealing mandrel 2545 and expansion cone 2555 to move in an axial 
d.rection relative to the casing 2560. In this manner, the expansion cone 2555 will 
cause the casing 2560 to expand in the radial direction, beginning with the lower end 
2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from moving 
- an upward direction by the slips 2525. A length of the casing 2560 is then expanded 
m the radial direction through the pressurization of the pressure chamber 2660 The 
length of the casing 2560 that is expanded during the expansion process will be 
proportional to the stroke lengthofthe upper sealing head 2535, outer sealing mand re . 
2545, and expansion cone 2555. 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material is reduced and the upper sealing head 2535, outer sealing mandrel 2545 and 
expansion cone 2555 drop to their rest positions with the casing 2560 supported by the 
expansion cone 2555. The position of the drillpipe 2505 is preferably adjusted 
throughout the radial expansion process in order to maintain the overlapping 
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reiattonsnip ^ lhe , hi „ wa|w ^ of ^ iower ^ ^ ^ ^ 
casing « ,he upper end „ fc ^ 2560 s(rok . ng ^ ^ ^ 2555 

W . necessary, until , he to ^ 2(j70 rf ^ 

of the casing 2560 is exported too dte thin wafled section „ fthe lower end of (he 
ej.tngwellhorecasing. ,„ w , . ^ ^ b ^ " 
adjace* sections of casing having . substanlially ^ ^ 
process .nay ^ „ e repeattd f „ fc ^ rf fc ^ ^ ^ ^ ^ 

castng thousands of feet in lenglh having . ^ ^ 

Dunng the final strrte of the expansion cone 2555. the slips 2525 a re 

*" " ^ * fc «■ — ' 2«0 of the upper end 2665 of 
castng 2560 in order mining ^ ^ fc ^ ^ ^ fc 

«■». cas,„g „ 0,, end of the radial expamion ^ ^ ^ 

^^^*<''»«e r of 1 he^ ularS e a ^ merater2675 . M|Wedi 

sufliccn, tntefference f„ with the inside dimeter of Ute lower end of the existing 

eas,„ gt op re vc„ 1 axia,disp la ce m e„,of,hecasi„g2560dunng,hefi™, slrok e. 

M " addW0 "' "» -* — - annular seaiing member 2690 
elected ,o provide an inlerftrence „ ^ ^ ^ ^ ^ 

rr^ M ^ eradiaiex ^ ionTOsoas,opre " CT, ^- ia| ^'~ 

of^ mg25S 0. In this final al.en.tive, the inierference fi. is preferabiv seiecred 
.o p™„ expana,o„ of ft. casing 2560 6 y p„„i„ g fc expailsio „ c0 „ e 255J 
wellbore, „io,ou, having ,„ pressurize fte p^ ctanber 2660 

During <. radio, expansion process. the p^urized areas of .he apparatus 
2500 are pref era h ly fimited M the fluid passages 2565, 2570, 2575, 2580, and 2590 the 
^-^2605wi* i „ lte8 , ip ,2525.^ tfK p rMsurecllamber2660 No ' 
flutdpressureac,sdireo,.vo„ t hecas i „g2560. litis permits the use of operating 
pressures higher than .he casing 2560 could nonoafly wi.hs.aod 

O.eUtecasingJSoOhasbeen^pie.e,, exposed offofthe expansion cone 
2555, Ut. remmntng portions of the apparatus 2500 „ rentoved front the weUhore 

annular members of the lower enrf nftK^ ^ • *• 

casina 2560 r * ^ ** UPPCT end 2665 of the 

casing 2560 ranges from about 400 to 1 0 nnn ««,; a 

. „ r ,„ W 10 10 > 000 P SI m or der to optimally support the 

casmg 2560 using the existing wellbore casing. 
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In this manner, the casing 2560 is radially expanded into contact with an 

ex.st.ng section of casing by pressurizing the interior fluid passages 2565 2570 2575 
2580, ^ 2590> |he m ^ ^ ^ ^ ^ ^ ^ 

2660 of the apparatus 2500. 
5 A, required, d,e annular body ofhardenable n„,dic material is ,h=„ allowed ,o 

cure .o form a rigid outer annula, body abou, ,Ke expanded casing 2560. .„ lhe case 
where ,be casing 2560 is sinned, me cured fluidic materia, peferabiy pastes and 
envelops me expanded casing 2560. The renting new sec.™ of weUbore casing 
■ncludes me expanded casing 2560 and to rigid outer annular body. Tne overlapping 
iom, be^een me pasting TOllbore casing fc ^ ^ 

*e deformed Uun wal, sec,ions and ,be compressive outer annular bodies. Be inner 
d,ameter of me rcsulUng combined wellbore casings is subs,an,ia,ly consran, ,„ .bis 
manner, a mono-diameter wellbore casing is formed. ™ s proces s offing 
overlapping mbular members having thin wall end portta. „ ilh compressible annula, 
hod.es mo comae, can be repeated for Ore emire lengd, of a wellbore. ,„ dais manner 
a mo„„-d,ame,er wellbore casing can be provided for thousands of fee, in a 
subterranean formation. 

As Ore expansion cone 2555 near, 0* upper end 2665 of ,he casing 2560 ,he 
operas pressure of m. second fluidic materia, is reduced in order ,o minimize shock 
>o *. apparams 2500. ,„ an altemadve embodimen,, ,be apparatus 2500 includes a 
shock absorber for absorbing the shock by ^ comp|etjon rf fc ^ 

expansion of the casing 2560. 

00 ,0 1,000 psi as ,he expansion „. 2555 nears fc end of ^ ^ .. 

•o opomally p rovide reduced axia, movemerr, and velocity of me expansion co„ e 2555 
The ope^rmg pressure of ^ second ^ ^ fe ^ ^ ^ 

Steokeof me appa^us 2500 ,o,h= range of at ™0,o500 psi in order minimise 
Sloke togft of lhe apparallB 25(M) ^ ^ ^ w ^ _ n ^ 

^k" " 4 a ' SO mi " imiZe *° faW 31 ** ~ 2500 — 
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In an alternative embodiment, at least a portion of the upper sealing head 2535 
mcludes an expansion cone for radially expanding the casing 2560 during operation of 
the apparatus 2500 in order to increase the surface area of the casing 2560 acted upon 
dunng the radial expansion process. In this manner, the operating pressures can be 
5 reduced. 

Alternatively, the apparatus 2500 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 2500 may be used to 
Erectly line the interior of a wel.bore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 2500 may be used to 
10 expand a tubular support member in a hole. 

Referring now to Figures 19, 19aand 19b, another embodiment of an apparatus 
2700 for expanding a tubular member will be described. The apparatus 2700 
preferably inc.udes a drillpipe 2705, an innerstring adapter 271 0, a sealing sleeve 
2715, a first inner sealing mandrel 2720, a first upper sealing head 2725, a first lower 
seahng head 2730, a first outer sealing mandrel 2735, a second inner sealing mandrel 
2740, a second upper sealing head 2745, a second lower sealing head 2750, a second 
outer sealing mandrel 2755, a load mandrel 2760, an expansion cone 2765, a mandrel 
launcher 2770, a mechanical slip body 2775, mechanical slips 2780, drag blocks 2785 
casu* 2790, and fluid passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, and 2830 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During operation 
of the apparatus 2700, the drillpipe 2705 supports the apparatus 2700. The drillpipe 
2705 preferably comprises a substantially hollow tubular member or members The 
dr.llp.pe 2705 may be fabricated from any number of conventional commercially 
ava.lable materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel, or other similar high strength materials. The 
dnllpipe 2705 is fabricated from coiled tubing in order to facilitate the placement of 
the apparatus 2700 in non-vertical wellborn The drillpipe 2705 may be coupled to 
the mnerstring adapter 2710 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, or a standard threaded connection The 
dnllpme 2705 is removably coupled to the innerstring adapter 2710 by a drillpipe 
connect.cn in order to optimally provide high strength and easy disassembly 
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The dril.pipe 2705 preferab,y includes . fluid ^ ^ ^ . $ ^ ^ 

zi?^ c T ai r masurface ' oca,ionimo,hefluidi, ^ 28M 

passage 2795 ,s adapted ,„ convey „ ui die maKria , s sueh as, for examp,e, eemen, 
epoxy wa^, drtUing tood or lubricants at operaling ^ ^ g 

5 f"»™al'"«t0 1 o9,000p S iaod0 t o3,000gall„„ s /mi„u,e 

sleeve 2^5^ T ^ ^ " ** *" ** ™ - "» 
-» e 2715. The adapler 2 7,0 Stably comprises asu 

— ^ imCTStri „, a<)apler 2710 may ta fabrjcaic ; from 

10 27 ^ ™ ia,ly availab " ~ «* 

^^^-^^^-^ns.ee, , stainless st «, or other 
s,m„ar h.gh snengd, raaBrials . ^ inne[string ^ 2?|() fc 

;ii::2 o * r,oop,ta,i ^ ovidehi6hsire * 

15 nuotbe ^ " m '* r> " S 2710 COUP ' ed '° « "05 using any 

«*- o convent e^ereiany avad* tnech^, couplings such ^ £ 

exanpie. dnllp^e conoection, oilfield country tubular goods specialty .breaded 
or a standard tbreaded connection. The inoetstnng adapter 27,0 is 
— y coupled to the drill pipe 2705 by . slandalx| ^ 
opnntally provtde higb streng* atd easy disasscbly. The innctring adapto2710 

contnte^liy^,^^^^,.^^^^^^^ 
^ treaded section or . standard tn.aded Section. The String 

The imerstring adapter 2710 preferably includes a fluid passage 2800 that is 
adapted to convey fluidic materials from the fluid passage MwZT 
280S Tha n -a "uiu passage 2795 into the fluid passage 

2805. •n»«" l upasaa g e2800isadap,ed W c Mve y fluidicma|elia|ssuchas for * 

Dow ra.« ran glng f roin abou , „ ,„ , ^ ps( ^ fl ^ ^ 

The sealing sleeve 27.5 is coupled ,„ the innerstring adapter 27, 0 and the fim 
— — ,72a The sealing sleeve 27,5 profecably uprises a 



20 



-136- 



v 25791.07.12 



\ ! •/ - HL7Jt402/0(>l ' • 

™r m ,rT mber ° f C0 " VW,i0nal ava " aWe - - 

, ^ tubu ' a ' 80Ods • low a "°' -* «■* - 

H*. The S ea,i„gs,ee»e27,5isfabrica,ed„™ 

rrr^^ tow ^ hi ^*— ---- 

exampfe dn| lp ,pe connect™, oilfield counuy tubulaago^ specia||y 

27, 5 is rem„vab,y coup.ec, ,„ the iralerstn , g „,„ " 

~ 1* setmng s , M ve 27,5 may be ccatp.ed ,o the fa, inner seahng 
™n re, 2720 ^ any number of CM , veiltional _ wiy ^ , |ab|e J 

couphttgs such ^ for example , ^ 

« M ^ thceaded „„, we|di „ & ^ ^ 

-h-ded cc™ec„„„. TTie seeing sleeve 27 , 5 is ^ 

sealtng mandrel 2720 by a Mandard threaded connection 

.0 conv^'" 8 S ' MVe Preferab ' y ^'^ 3 " Uid 2802 «- * adapied 

» con«y „„,„« materials from fc fluid ^ ^ P 

.0 The flutd paaaag. 2m is a(|apled „ ^ ^ ^ ^ ^ 

rrrT"' dri " ine mud ° r ^ « ~ - «- — 

nntetng Iron, about 0 to 9,000 pai and 0 to 3,000 gallons/minute 

The fa inner sealing manure, 2720 is coupleo ,„ the sealmg s,eeve 27,5 ara, 
d.e fc „o„crsea, u ,gbead2730. The tot inner seahngmandre, 2720 prcferab,y 

>«M 2720 may he tabricafcd fro. any number of convention, _ ially 
~ — -* as, for exampie, „i,fie, d mMty ^ 

.nner seahng raandrel 2720 „ ^ ^ ^ ^ ^ 

provtde h,gh sarerwh, eorrosion ^ ^ ^ 

The to, inner sealing ma ndre, 2720 may be coup,ed to me seahng sleeve 2715 
^-^ofco m ^comm^. v ^ mectata ^ p :;^ 
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- for exan^e, driflpipe connMion oj|( . e|d ^ ^ ^ s ^ ^ 

connecnon, weiding, amorous bonding, or a s,andard .hreaded co mK ,io„. The ft, 
™er seabng mandrel 2720 „ remoyaMy ^ (o ^ ^ s|ew 

s^dard beaded T*e r « ^ ^ ^ ^ 

ava„a b ,e „ecban lcal ^ ^ ^ fa ^ ^ ^ 
~un«, ,ubu,ar goods apecia,* ^ d^adeo connect, welding , 
^ora^thraadedco^. The (ha ime r seeing n^, 2720 „ 

-^-^^eflr3.lo WWS «^ hra d273«b ya s to da nl ,^ 
connection. 

^ * «*« .o convey flu* „ fron, ta fl„ id w 2802 iMO £ flu ,. d 

15 LIT; Cerae " , • ^ ^ dri " ing ^ - - « P-urea ' 

and flow ra, K rang.ng from about 0 „ ,,„„„ psj ^ Q ^ ^ 

273^ second upper seafing hea d 2,45, ^d ouler sealing ^dre. 2755, and 

r* firs,uppersea,i„g„ead2725 

I Jet l r;, 3 ™"' te ^ Sea ' ing ^ 2725 ta - - 

Tfc Cear^ee be,„ee„ d,e irai „ cy.indrical aurfaee of Ok firs, upper 

-» for f rom afiou, 0.00,5 10 0 . 05 inchc , ^ radial > 

^^^.^^^^^^^^^^ 

^e firs, .nnerseabng mand re, 2720 rangca fio m abo„ 0.005 .o 0,25 incbesin 

o*=r ,„ „ provide minim a, «„, clearance . ^ radia] 

IT- may for — * fera ^ 0025 - «» — * — 

between d. ou.er cylindrical surface of 0. fi re , upper ^ head 2?25 ^ 

^-^^^27,0range Sfiwaboa0 .025 t o0, 2 5 i L 8 i»ol 
«y provide aubi,^ for d,e expansion cone 2765 during U,e expansion 
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The firs, upper sealing head 272s preferab|y ^ 

may be fabncared from any of convenfiona, ™ ially m ^ 

2725 ,s fabncared from ^ Mee| „ or<fer „ J 

«*, ,he ^ ^ „ e flra upper ^ ^ 2?25 ^ 
seahngmandre^O. T^gn,^,^^ 
2« ~iafiy available a™* sealing menrbe. such a, for exan*,., „ 
nngs, pdypak seals or roera, spring ene^d sea,, The sealing members 2835 
compr.se po.ypak seals available from Pater Seals in order „ o pli ma,, y provi de 
sealing for long axial slrokes. 
« The firs, upper sealing head 2725 includes a shoulder 2840 for supping to 

fc, upper sealing head 2725 „„ U,e firs, lower sealing head 2730 

The firs, upper sealing head 2725 may be coupled „ „ e fi ra outer ^ 

n.an*e, 2735 using any number of convenriona. c„ m me rci a,ly available mechanical 

couplmgs such as, for example, dril.pipe «„„, oiifield counrry 
■0 specrahy Uueaded connecrion, wldi „g, ^ ^ or , J 

~„. Tbe fir* „ pp£ r seafing hea d 2725 is removabiy cou pl ed ,o rhe ta ourer 
-tat ™5 by a standard mreaded common m , mca ^ 

^n «. firtt upper sealing head 2725 and «« fir* ourer seeing mandrel 2735 
-ludea one or more sealing memlm 2845 for „uidic,y seaiing me i„ ter face between 
■henrs, npper S ea,mghead2725and UKfcl o„ t ersea. ing mandre, 2735. Tiling 
^^5n»ycon^ m y numteof ^ veatf ^„ ^ 

n. sealmg memben 2845 comprise poiypak seals available *» Parker Seals 
u. order ,„ optnnal.y ^ for |ong ^ ^ 

2720an?l fe, 'T"' h8h ^" 30iSroUPW ' O,tefe, ™ W - li »«^' 
2720 and *. second rnner seaiing manrhe, 2740. 7,0 firs, iower sealing bead 2730 is 

afco movably coupled ,o me inner s^face of me fir* „„ t er sealing .nanl, 2m n 
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■his manner, Ihe firs, upper sealing head 2725 and first one, sealing mandrel 2735 
racrprocate in fe axia. direction. The radial clearance between the outer surface of ,h. 
fe. lower sealing head 2730 and the inner surface of the fat outer sealing mandrel 
2735 may range, for example, from about 0.0025 to 0.05 inches. The ntdial clearance 
between the outer surface of the firs, .ower sealing head 2730 and the inner surface of 
the first outer seeing mandrel 2735 ranges from about 0.005 to 0.0, inches in order ,„ 
optimally provide minimal radial clearance. 

The first lower sealing head 2730 prefentbly eomprises „ 
havtng subaamially cylindrica| jlmer ^ ^ ^ ^ fm ^ ^ 

2730 may be fabricated from any number of conventional commercially available 
materials soch as, for example, oilfield county tubular good,, low alloy steel, carbon 
steel, stainless steel or other similar high arengd, materials. The fit* ,„wer sealing 
head 2730 is fabricated from stainless steel in order ,„ optimally provide high strength 

^--istartce.andlowfrietionsr.faees.Tbeou.ersurfaeeofUtefimlower 
15 sealing head 2730 preferably includes one or more annular sealing members 2850 for 
seahng the interface between the fit* lower sealing head 2730 and the first outer 
aealmg mandrel 2735. The sealing members 2850 may comprise any nilmb e r of 
conventional commercially available annular sealing membe, such as, for example o- 
rmgs, poiypak seals or maa spring ma ^ ^ ^ ^ ^ 

comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial sfrokes. 

The first lower sealing head 2730 may be coupled to the first inner sealing 
ntandrel 2720 using any number of conventional commercially available mechanical 
couphngs such as, for example, oilfield counfry tubular goods specialty threaded 
conneetitma, welding, amotphous bonding, or sundart threaded connection. The firs. 

lower seaiing head 2730 is removably coupled to d« firs, inner sealing mandrel 2720 
by a sundart threaded eonnecion. The mechanical coupfing beuveen Ute f« lower 
aeahng head 2730 and the fit* inner sealing mandrel 2720 includes one or more 

3o T^ZT" 2855 for fluidic,y scaling ** in,erface ** tol «— — • 

head2730andmefim,im 1 ersea,i„gma„dre l 2720. The sealing members 2,55 may 
compose any number of convents commercU1|y ^ ^ ^ 

^.forexanple.o-ringa.polypaksealsormeulapringen.rgiaedseals. Thesealing 
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members 2855 comprise polypak seals available from Parker Seal's in „,der',„ 
opnmally provide sealing for long axial slrokes. 

The firs, lower sealing head 2730 may be coup,ed ,o ,he second inner sealing 
man*, 2740 using any number of conven tiona , ^ 
couphngs such as, forexample. oilfield county mb„,ar E „oda speeiahy lhreaded 
connecon, welding, amorphous bonding, or a shtndaro throaded connection The 

740 by a standi lhre aded connection. The mechanical coupling be,wee„ the firs, 
iower sealmg bead 2730 and me second i mer sea.i„g mandrol 2740 includes one or 
-re seahng members 2860 for fluidicly sealing me interface between ,he »„, lower 

2860 may comprise any number of conventional commeroially available sealing 
members such as^or example, o-rings, polypak seals or meta, spring energized sea,, 
The sealmg members 2860 comprise polypak seals available from Parker Seals in 
order .o optimally provide sealing for long axial strokes. 

2725 ^ Sea ' i ° S mWlre ' 2735 " ^ '° ** fc ' W 

2725,me second upper sealing head2745,me second outer sealing mandrol 2755,^ 
•he expanston cone 2765. The to, outer sealing mandro, 2735 is also movably 
coupledto the inner surfaceof me casing 2790 and the ou tt r surface of the fit* lower 
head 2730. ,„ this manner , lhe fct uppe , ^ ^ ^ fa ^ 

mtmdrel 2735, second upper scaling tad 2745, second outer sealing mandro! 2755 
and the expansion cone 2765 reciprocate in me axia, diroc, irai . ^ ^ ^ 
^^«^^c.of,h. ta ^^ ingnl ^ |27 3 5andlheiiiiier 
of the castng 2790 may range, for examp.e, from about 0.025 to 0.375 inches The 
«W cleamnce between the outer surface of me first outer sealing mandre, 2735 and 
*e mner surface of me casing 2790 tanges from about 0.025 to 0,25 inches in oroer 

opnmally provide stabilization for the expansion ccoe 2765 during the expansion 
process He *U clearance ^ fc ^ ^ ^ ^ 

mtmdro, 2735 and me orner surface of the fc, lower s^mg head 2730 may range, for 
example, from about 0.0025 to 0 05 inch™* tk« ~a- i . 

„.rf a ,. r ,w . radial Clearance between *e inner 

surface of the first outer sealing mandrel m* * n Atu~ . 

•ng mandrel 2735 and the outer surface of the first lower 
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- g . bslMia||y cylilKWca| imer ^ ou(er surftces Jtar 
-* carton slai „ less slee| or oter sjmiIar ^ > 

head z£T ° U ' er Sea ' toe ^ bt » - ^ -U. 

CM I 7 7 " Umber — * -«* —a, 

h ngs such as, fc exan.p.e, „ llflel(f ^ lubu|ar 

bond,„ g „ r a slanda , d lhreaded connKtion ^ firfl oute * * 

r«z u!,n8an) ' number ° f — 

0OU Plin6S SUch ^ f0fexamp|e> o . |M 

^ — * w ,d ing , a^ ^ „ a slandard ^ J « 
The first outer sealine mandrel -?7i<: •„ , . wnnecnon. 

97/in <■ • | »"Bneaa//5U. rh e second inner sealing mandrel 

aecond «, seallng ^ 2?40 may b ^ num ^ 

—a, availabla materiab such ^ for 

he d 2730 ua,„ g my number of 
-ha,,caU„ up „ ngssuchas , fOTexampleoj|ne ^ 
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.hreaded connection, we,di„g, mK ^ m ^ or , ^ ^ 

£ '"" er ■*« ™ * — , coupled ,o .He flrs, lower sealing 

nead^Obya^U^dedc^cion. The mechaoica, coupling ^ te 
second inner sealing .and., 2740 aod the flra l0WCT ^ head 2m 
o includes sealing members 2860. 

The second ima ^ mandre| „ 40 raj ^ ^ ^ fc ^ 

seahng head 2750 using auy number of conventional commercially available 

r**" ^ * «* — * — » lobular goo* ^ 

leaded faction, wading, amorphous bonding, or a standao, tmeadeu common. 
The second tnner seaHng manrbe, 2720 b re m„vab,y coup.ed , 0 to ^ 
«al.ng head 2750 by a standard flueadco connection. The mechanic* coupHng 
between ^ second inner seeing manche, 2740 md ^ ^ |ower ^ 
tncludes one or tnore sealing member, 2865. The sealing members 2865 may 
compose any number of conventional commercially available seats such as, for 
examp,e,o-rin 6s ,po,y paksealsormela|spri%raeiB . zedsea|s ^ 

2865 compose polypak seals available from Parker Seals. 

The second imter sealing mandrel 2740 pmferably include, a fluid passage 
2810 that b adapted ,„ convey fluidie materials fmm , he fl ui d w 2805 inl0 fc 

nu,dpaasage2„5. The fluid passage 28,0 is adapted to convey fluidie materia,, such 
20 as, for example, cemen, epoxy, water, drilling mud or lubricants a. operating ^ 
and flow rates ranging from about 0 to 9,000 psi a™, 0 to 3,000 gallons/minute 

Th-« m d^,per S e, l i^head2745beoup,ed«oU,e fira „pper sealing head 
2725, ,h. flrs, outer sealing mandm, 2735, the second outer seahng mandre, 2755, aod 
U« expand cone 2765. The second upperaealing head 2745 b also movably 
coupled to the „„,„ surfaM „ fUle ^ ima ^ ^ ^ ^ ^ 

surface of the casing 27,0. ,„ m ^ fc ^ ^ ^ 
reetproca^ i„ the » ia , ^ ^ ^ ^ ^ ^ ^ 
^aeeof^od^^^^^^^^^^^ 
sealmg mandre, 2740 may range, f„ r example, ^ abou , , ^ „ ^ ^ 

27« IT" T fc iraKr cylindrica ' surface of ^ — °»* — « 

0^:,!; : SUrfaCe ° ftt,eS ~" <li "—^»>—'™0 ranges horn about 
0 005 ,„0.0„„ches,„ order to op,ima,,y provide minima, radial Ceamnce. The radial 
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clearance berween the outer cylindrical surface of the ^ upper ^ ^ 
and the „ surface of lhe casi „ g „, may ^ fc ^ ^ ^ ^ ^ 

375 ,„ches. The radial clearance between the outer cylindrical surface of the second 
upper head 2m ^ surfaM of ^ ^ 2?9o ^ ^ ^ 

2^^. Inches in order to optimally provide stabilization for the expansion cone- 

^ /05 during the expansion process. 

The second upper sealing head 2745 preferably comprises an amtula, member 
avrngsubs^ntiaHycyHndricat^randoutecsurface, The second upper sea.i„g 
head 2745 may be fabricated from any number of convent, _ial,y avaHable 
matenals such as, for examp,e, oilfieid counuy tubutargonds, ,ow alloy steel, carbon 

"'"'^ — * — <*■ Tne second upper sealing 
head 2745 ta fahncated fiom stai„,ess sree, in oedcr to „p tim a„y provide high stra J 
co.os.on resistance, ^ , ow frtaion ^ ^ ^ ^ ^ • 

sea ng head 2745 preferably includes one or mote seaJing membcrs ^ ^ 

sea ,ng Ute interface between the second upper sealing head 2745 and the second inner 
seahng mandrel 2740 . ^ ^ m ^ ^ ^ 

conventiona, commercial,, avai,ab,e amtute sealing member such as, for examp.c „ 
nngs, polypak seals, or metal spring enetgized seals. The sealing membcrs 2870 ' 

^-^sealsavaibblefromParicerSe.lsin^er.oofKimanyprovide 
^0 sealing for long axial strokes. 

The second upper sealing head 2745 includes a shoulder 2875 for supporting 
the second upper sealing head 2745 on the second lower sealing head 2750 
The second upper ^ head 2745 may ^ ^ ^ 

mandrel 2735 using any number of conventional commercing available mechanical 
couphngs such as, for example, drillpipe connection, oilfield country pabular goods 
specahy fiueoded connection, mtchet-.a.b ,ype threaded connection, ora standard 
Neaded connect Tne second upper seafing head 2745 is removably coupled to the 
«m uterseahng mandm, 2735 by a stands Uueaded connecfio. The mechanical 
eouplmg between the second upper sealing head 2745 and the ftrs, outer sealing 
mandre, 2735 includes one or more sealing membera 2 88 0 for fiuidiCy sealing me 
tnterface bePvcen me second upper sealing head 2745 and the firs, outer sealing 
tnandre. 2735. The seafing members 2 88 0 may comprise an, number of ^lona. 
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commercial* avai,ab,e sealing mentbets such as, for example, o-rings. polypak ^a 
or metal spring energized seal, The sealing meters 2880 comprise polypak seals 
ava„ab,e from Parker Sea>s in order ,„ op,i mally provide X1 „„ g fa , 
stroke 



The aecoad upper sealing head 2745 may be coupled .„ the second outer sealing 
man« 2755 using any „ m be, of convent, coumtemially available mechanical 
couplmga such as, for example, drillpipe connection, oilfield counny lubularg00ds 

^^^««i-.-.* B w fc-d-CM--callie 

W*H-« --^'ycoupledtonteseoondouteraealingmandre, 
2755 by a standanl threaded ejection. The mechanical coupling between the 
second upper sealing head 2745 and the second catter sealing mandrel 2755 includes 
one or more sealing members 2885 for fluidicly sealing the interface between the 

aecondupperseali„8head2745and,heaecondou.ers«ali„gmandrel275S The 
^"-^^Smayeompriaeanynumberofc.n.entiona.c.mmercially 

ava,,ab,esea,i„gme m bersauchaa,forexamp.e,o.rings,pa,ypalcaea.sorme,a,spring 
energtzed seal, The sealing members 2,85 comprise polypak seals available from 
Parker Seala in order to optimally provide sealing for long axial strokes 

The second lower sealing head 2750 is coupled to the second inner sealing 
manure, 2740 and me load maodre,27 6 0. The second lower sealing head 2750 is also 

movab,ycoupled,„meimtersu rf aceofthesec<mdou, WS ealmg m a,d re .2755. ,„,his 
manner, the fits, upper sealing head 2725, the firs, outer sealing mand.1 2735, second 

"PPerseali„ghead2745 > sec„dou,eraea,ing mandrel 2755, and the expansion cone 
27 5 recite in the axia, direotion. The radial clearance between the omer surface 

n™d re ,2755mayrange,forexample, f romabou,0.0025,o0.05inches. Theradial 
clearance between the outer surface of me second lower sealing head 2750 and the 
mner surface ofthe second <H»er sealing mmdrel 2755 ^ from ^ gggj 

0.01 'nchcain^der.ooptimallypr.videminimalradialcleamtce 

' n, K CSKO " dlow --*e'>«<'2750p re ferablyeomprises»annu,a,m CT ,ber 

h«d 2750 may be fabrics from anynumberof conventional commercially available 
matenals such as, for example, oilfield counhy tubuIar goods> |ow 
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steel, stainless steel or other similar high strength materials. The second lower sealing 
head 2750 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second lower 
sealing head 2750 preferably includes one or more annular sealing members 2890 for 
sealing the interface between the second lower sealing head 2750 and the second outer 
sealing mandrel 2755. The sealing members 2890 may comprise any number of 
conventional commercially available annular sealing members such as, for example, o- 
nngs, polypak seals or metal spring energized seals. The sealing members 2890 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner sealing 
mandrel 2740 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The second lower.sealing head 2750 is removably coupled to the 
second inner sealing mandrel 2740 by a standard threaded connection. The 
mechanical coupling between the second lower sealing head 2750 and the second inner 
sealing mandrel 2740 includes one or more sealing members 2895 for fluidicly sealing 
the interface between the second sealing head 2750and the second sealing mandrel 
2740. The sealing members 2895 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. The sealing members 2895 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 2760 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield tubular goods specialty threaded 
connection, ratchet-latch type threaded connection, or a standard threaded connection. 
The second lower sealing head 2750 is removably coupled to the load mandrel 2760 by 
a standard threaded connection. The mechanical coupling between the second lower 
sealing head 2750 and the load mandrel 2760 includes one or more sealing members 
2900 for fluidicly sealing the interface between the second lower sealing head 2750 
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and the toad mandrel 2760 . ^ ^ ^ ^ ^ ^ 
convemional commercially av,i,ab le sealing member such as, for example, o-riogs 
polypak seals or meu, spring energized scab, The seafing member 2900 comprise' 

^^-IsavaiUb.efromPackerSealsmorder.oop.imaJlyprovideaea.ingfoc 
5 long axial strokes. 

The second lower sealing head 2750 includes a throa, passage 2905 fluidicly 
coupled between me fluid passages 2810 and 2815. The Ouoa, passage 2905 is 
preferably of redueed size and is adapted to receive and engage with a plug 29! 0 or 
^similardevice. '"^manner, the fluid passage 28,0 is fluidicly isoiated from 
mefl„,dpassage28l5. .„ „i 5 manner, thepressure ebambe.29,5 and 2920 aze 
pressed. The use of a pluzality of pressuze chambm „ me ^ ^ 

the eflecttve drtvmg force ,o be multiplied. While iliusuuted using a pair of pressure 
chamber 2915 md 2W0 , me ^ ^ ^ ^ ^ ^ ^ 

additional pressure chambers. 

" he'ad 2,?5 C 1T ^ Sea "" 8 ^ » * ^ W — « 

head 2725, the firs, outer sealing mandrel 2735, the second upper sealing head 2745 

andtheexpansionco»e2765. The second outer seabng mandrel 2755 
copied to the inner surface of the casing 2790 ami ft. outer surface of the second 
lower sealing head 2750. In mis manner, the firs, upper sealing head 2725, firs, ou,er 
sealing mandrel 2735, second uDoer sealino h..j 

Jt nntPPersealmg head 2745, second outer sealing mandrel 

2755, and the expansion cone 27«5 reciprocate in me axial direction 

The radial elearenoe be,wee„ the outer surface of the seeond outer sealing 
™™a*, uae inner suzface of me easing 27,0 may range, for exanp.e.fL 
about 0.025 to 0,75 inches. The radial Cearence be^een me 
second outer sealing mamfre, 2755 am. me mn„ surface otto casing 2790 ranges 
Aom about 0.025 to 0.125 inches in order to opflmaliy previde stabilization for me 
expamton cone 2765 during the exparcion p^ess. The tadia, eleartmee haween me 
mner surface of me seeond outer sealing mandrel 2755 and me ou,ez surface of *. 
second lower sealing head 2750 may range, f or example, from ahou, 0.0025 to 0 05 
tnches. The redia, clearence between to inner Sll face of ^ ^ ^ 
n-dre. 2755 and me outer surface of second lower sealing head 2750 mnges from 
abou, 0 005 ,„ 0.0 1 inches in otder to opting pmvide minima, radial e,eaJL 
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The second outer sealing mandrel 2755 preferably comprises an annular 

memberhavingsubstantiallycyJindricalinnerandoutersurfaces. The second outer 
sealing mandrel 2755 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods 
lowalloysteel^onste^^^ ' 
The second outer sealing mandrel 2755 is fabricated from stainless steel in order to 
optunally provide high strength, corrosion resistance, and low friction surfaces 

The second outer sealing mandrel 2755 may be coupled to the second upper 
seahng head 2745 using any number of conventional commercially available 
10 mechanical couplings such as, for example, dri.lpipe connection, oilfield country 

tubular goods specialty threaded connection, ra ,chet-latch type threaded connection or 
a standard threaded connection. The second outer sealing mandrel 2755 is removably 
coupled to the second upper sealing head 2745 by a standard threaded connection The 
second outer sealing mandrel 2755 may be coupled to the expansion cone 2765 using 
any number of conventional commercially available mechanical couplings such as for 
example, dri.lpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded connection 
The second outer sealing mandrel 2755 is removably coupled to the expansion cone 
2765 by a standard threaded connection. 

The load^mandrel 2760 is coupled to the second lower sealing head 2750 and 
the mechanical slip body 2755. The load mandrel 2760 preferably comprises an 
annular member having substantia.* cylindrica. inner and outer surfaces. The load 
mandrel 2760 may be fabricated from any number of conventiona. commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The load 
mandrel 2760 is fabricated from stainless stee, in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2760 may be coupled to the second lower sealing head 2750 
usmg any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection, or a standard threaded 
connection. The load mandrel 2760 is removably coupled to the second lower sealing 
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The load mandrel 2760 peferabiyine,^,,,^ . 
flu,dpaa S a g e2., 5i sadap,ed,„e.„ve y fl„ i d i c male[i a lssucnas Calo 

The expaaaion 2765 „ ^ (<j fc ^ 
2m In d, s marker, the «* upp,, ^ head 272J flm ^ « 

J- cone 2,65 reciprocal in fc ^ ^ reciprocation oflhe 
~ ~» — "'0 » expand In d* I, ^ 

The expansion cone 2765 preferably comprises an annular member bavin, 
a— y cylindHc, Inner and conical omer snrfacea. rheomZl^e 

about 2 to X h'm N «k i 8 ' sample, from 

5 lenl rl ^^^'^'"^^c^S. Theaxia, 
5 length of the expansion cone c. , me axial 

di am , , u 8 5 fr0m about 3 10 5 li «nes the largest outer 

- «U expand fori " " ^ «— »~ 

n g s,enc a t,de,ceram,csoroU 1 er S imila,high s »e„ gthmalerial! , ^ 
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exp^on . 2765 is fabriMed from M ^ too| stre| 

P"v,de h.gh ^ resislance , o _ ^ 2 

*eex^,o„c„„e2765hasa S u rf aceharf„es S romabo ut58 f ° 

The e x paraiM , cone 2765 may be coupW 10 ^ second 
mandrel 2765 using any number of conventional commercially available mechanical 
couphn^ such as, for example, dHUpipe connecdon, oi|fie|d ^ J' 
special* type u^ded c^ ^ ^ J^f* 

io ::: d T aded ™- j:l 

ou s,d sealmg mandrel 2765 using . ^ ^ ^ 

<« provide high s,re„ g m and eaay replacemen, of ,he expansion cone 2765 

launch ; 77 7 dre " aU " Cher2770i '^'»>l"ca S i„ g 2790. TT.en.ndre, 
.auncher 2770 compn'ses a mbular seedon ofcaaing having . reduced wal| ^ 

co mpa.d,o,he casing 2790. The wal, mickness of ,he mandrel .auncher 2*7.!, 
<5 abou.5 ,o l«.%of l hewa, lm ic kjK ssof,hecasi„g27 9 0. The wal, mic J lhe 
man « auncher27,0 may range , for example, ^ 0 , 5 , 0 ,, ^ 

-.r.h,c^ofmemandre,,a U „cher277arangesu Mn ab„u l O,5 t oO, 5i rc b r i „ 

casing 2790 ^ ^ "-«r equal ,o ma, of ,he 

The mandrel launcher 2770 may be coupled ,o me casing 2790 using any 

^adedconnecion. ^« -^launcher 2770 may be fahricaM from any number 
25 of convent^, commereial|y avai|ab|e T ■*» 

^Sooo.ofhighers.rengrh.han teoflhe casi„g27,„ mnwid, a reduced wa„ 

burs, arengm app ro x,ma.ely equal ,„ dun ofU,e casing 2790 

The mechanical slip body 2775 is coupied ,„ the load mandrel 2760 .he 

mechan.cal slips 2780, and .he drag blocks 27X, -n, .. . """^^ 

i= mag mocks 2785. The mechanical slip body 2775 
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prelerably comprises a tubular memher h>„i-„ 

•°lhapassaae28, 5 ,„,„• ^Ter having an inner passage 2820 fluidicly coupled 
Passage 2820 to a reg,on ou,sidc of .he apparatus 2700 
5 any nuT 7^' ** * 10 *• «- — 2760 using 

10 counted in H. u • P ngS ' ThenKcha "' calsl 'P ^ 2755 is removably 
c^led >o •.——o- slips 2,80 using mreaded croons and sliding J 
, . order ,„ op limal ,y provWe . Mgh strength « 

The mechanical slip body 2775 p re f erab l y includes a fluid passaae 2820 th , ■ 
adapted to convey fluidic materials from the fluid passage 28 1 5 ^ " 
of the apparatus 2700. The fluid passaee 2820 ■ 7 ! re8 '° n ^ 

ST" "——-co,- ^ tmg 

5 ma „ . . »*K».ngz/yu and mandrel launcher 2770 In this 

2 .auncber 2770 are manned in . subslanlially ^ * 

*- n^er, ,bc mar«teel launcher 2765 aud casing 27M and nJZZ££ 

The mechanical slips 2780 may comprise any „ umber of conyenliona| 
commercially available mechanical slips sucb as. for example RTTS oack^ i 
carbide mechanical alios RTT5 ™u •. ^ W "™ ESIe " 

°» shps, RTTS packer w,ckcr ,ype mechanical slips or Model 3L 
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IMtan. Energy Services in order ,o „p,i mallv provide reduce ,o axia, 

s ::r ,of " ming27 ^ dm ^ ,, ^" 7 »^-«^ i on 

uldl DU " ng ~» f »'"^ "OO.rhedn^oioc.^^preven, 
upward m „ve mwl oflhe casing 2m ^ ^ ^ 

*«. *e axia, reciprocal of lhe ^ cone 

nanner, *e raandre, iauncher 2770 ^ casi „ g ^ 
Brecon by *. axia, offte expansion cone 2765 

orMode, Lretr , evablebridgepli)gdragWocis ^ °* 

ms packer ra echanica, drag b.ocfc avaiiabie from „ allibun()n Energy Servi I i„ 
order .o « provide ^ ,„ ^ 

mandrel iauncher 2770 during fc expa^ion process 

20 « 71,5 " C °" P ' ed '° ° K mandrel "™< h " "70. Tbe casing 2790 is 

20 further removabiy coup.ed ,„ * mecbanica, slips 2780 ^ ^ ^ ^™ " 

-ng 2 7,„ preftrab , ycomprjMsatubu|armember The casin^2790 may be 
abr.ca.ed fron, any „un,ber of convent ^mecciaHy avaiiabie ma «Jl such . 

25 *' S - te «''***^-H* TTrecasingJ, of 
25 Scared from „i llfe ,d coonuy rabuiargoods avaiiabie fron, various L£L 

materials. The upper end of the casino 97on:^i a 
50 end of rbT^r *! ~ 2700 " * 2 «*» -* - W er 

ppara.ua 2700, the flu,d passage 2 795 is preferably provided with 
•152- 
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one or more pressure M ^ ^ ^ 

Wel,b0K ' ^ «*• "» * - W— * ,Ke expansion cone 27 " 
After p„ si , ioning of fc appara|m 2?00 fc ^ we 

re,a.,„ nshlp Mlh . exis|ing ^ of ^ a PP . 

5 m 2820. The firs. flu,die materia! will then exi, the append 2700 and f,l, ,„ 

10 com ^; r ' raflUidiCmaWalmly *^""»»^rorco n ve„,io„a 1 
~,a,, y avaflaUe materia. sucH a, for „ epoxy , ^ mud 

M CemCn *' '" le ^ ret ft u 'dic material comprises a hardenable fluidic sealing 
^^--^.axerofa^^,^^^ *" 

press™ ^ ^ PUmM iM ° <" «— ™ - « 

P^w sand flow ra.es ra„^ fMexamp| ^ OTateuioto P 8 

^s,m,„u,e. me firs, fluid, materia, „ pumped ^ fc 

operamg pressures and fiow ra,es ranging ^ about 0 ,„ 3,500 psi and 0 ,o I 200 

^"^--i-rder l0 o pt i m a„ y pr„videopera,i„„a,. fflcien ^ "* 

' examole ' TT """^ " ^ — « — * '* 

P- e.enn.ned level, a p lug 20,0, dari, or other similar device is inmaduced i„, 0 „ e 
first flu.d.c material. The p | UB 20lni™....- .c .. ccumtotne 
fl„iH.„ ■ , • lodges m them™, passage 2905 Otereby 

"utdtcly tsolatrngflre fluid passage 28,0 fa. fc fluidpassage 28 , 5 

After placemen, of me plug 291 0 in me fln^, pa*- 2905 , „ . .... 
2^29,5^2,20. ^secondfluidicma.erialma.^seanvZoIof 
flu,dic materia, such as, for example, water, drilling 1 0 r .ubrican, ^ 
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Vm second fluid* serial raay „ pumped inR) 
operaung pressures and flow rates ranging for exMlnlp . t " 

"00 a, operas p ressures J^^T in ' 0 ~ 

The pressurization of the pressure chambers 2915 and 2920 cause the 
sealing heads, 2725 and ?7<k «. . he upper 

s u^, z /zj and 2745, outer sealing mandrels 2735 and 77« * 

manarel 2760, and mechanical slip bodv 27SS t„ m „ 

mechanical slips 2780 anH ■ Th ' S U " SetS the 

a, shps 2780 and permits the mechanical slips 2780 and drag blocks 2785 to 
° bem oved upward within the mandrel launcher 277n a ■ 

sealing heads 2730 and 2750 CaSmg 2m ^ the ,ow * 

material is again pressurized and the radial ovn*.,*- 
5 mandrels, 2735 and 27^ »^ . 745 ' outer sealin 8 

•*«. casing, n, s eali „ e 11 b "*" ° f ' 0WW - ° fU * «** 
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Pressure between the casing 2790 and ft, • .• ' '' "'"""^ ' 

«m about 400 ,„ ,„ 000 d SeC "'° n " 

casing, and optima,, Z^TT " ^ " 
5 casing. W ' "* cm *"*»< on the expanded 

As the expansion cone 2765 nears Use end of the casing 2790 ft. „ • 
Pressure of the second fluidic m Me ri,l t. a . ' pera "" 6 

apparatus 2700 Inm , "* r '° minim ™ *»* ■» the 

'0 the casing 279^ " * * — — expansion of 



The reduced operating pressure of 1|K . 
'00 to 1 ,000 psi as the expansion cone 2765 „ . ^ 
<« optimally provide redul , "* 2790 in order 

^.ancetoftL" l o h ^ " '° ™ " ^ the 

optmtally provide equipment that can be earilv hanrfl Z 

during an expansion operation. mUSt te re - Stroked 

5 Upon the complete radi., ymd °^° noflh =»PPan»"s2700. 

-us 01 the wellbore. In the case where the 
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casing "90 is sloued, .he cured „ oidic malerial preftnlb|y ^ ^ 

expander casing 2790. In .his manner, a new section of wellbore casing is formed 
w«hi„ a weMbore. Alternatively, fa apparatus 2700 may ^ ^ ^ a ^ ^ 

of p,pel,ne ,o an existing section of pipeline. Alternatively, the apparatus 2700 may be 
used «„ directly line me interior of . ^ wilh a ^ wilhou , ^ ^ rf _ ^ 
annular layer of a tadenable materia,. Alternatively, the mmtm 2700 may ^ ^ 
to expand a tubular support member in a hole. 

During the radial expansion proeesa, the pressurized areas of the apparatus 
2700 are hntited ,„ the fluid passages 2795, 2800, 2802, 2805, and 28 1 0, and the 
pressure chambers 2915 and 2920. No fluid pressure nets ditecdy „„ the mtmdrel 
launcher 2770 and easing 2790. This permits the use of operating pressures higher 
than the mandrel launcher 2770 and easing 2790 could normally withstand 

Referring now to Figure 20, an apparatus 3000 for forming a mono-diameter 
wellboreeasingwillbedescribed. The apparatus 3000 preferably includes a drillpipe 
3005, an inking adapt er 3010, a sealing sleeve 30.5, a firs, inner sealing mandrel 
3020, hydraulic slips 3025, a firs, upper sealing head 3030, » firs, lower seeling heed 
3035, a first outer sealing mandrel 3040, a second inner sealing mandrel 3045 a 
second upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandre, 3065, expansion cone 3070, casing 3075, ara, fluid 
20 P«ag«3080,3085,3090,3095,3100,3l05,3IIO,3I15and3I20 

The drillpipe 3005 is coupled to the inneratring a4apl e, 301 0. During operation 
of me apparatus 3000, the drillpipe 3005 supports the apparatus 3000. The drillpipe 
3005 preferably comprises a substantially hollow tubular member or members. The 
dnlipipe 3005 may be fabricated ft™ any number of conventional commercially 
avatlable mattrials such as, for example, oilfield coumry tubular goods, low alloy 

3005 ts firbricated from coiled tubing in order to facilimte the placemen, of the 
apparatus 3000 in non-vertical wellbore, The drillpipe 3005 may be coupled to the 
■tu.cra.ring adttpter 301 0 using any number of convemiona| 
mechanical couplings such as, for example, drillpipe common, oilfield countiy 
tubular goods specialty threaded connection, or a standard threaded connection Tire 
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*iHpipe3005is remO vab.y coupled tothe- ■ ' 
connection. **" 30 1 0 * * «W« 

The drillpipe 3005 preferably includes a fluid passage 3080 that • „ „ 
convey fluidic material* . 1 ,s ada P ted t0 

y matenals from a surface location into the fluid passage 3085 The fl,. „ 
5 passage 3080 k aHimt^ ^ „ F<^>«gc juw. iTie fluid 

g ,s adapted to convey fluidic materials such as, for example cement 

0 removably coupled to the drill pipe 300 5 hv a w i. • 

adanterlOin k p,pe 3005 b > a ^»P»Pe connection. The innerstring 

dapter3010maybecoup.edtothe S ea,in g s,eeve30.5usin ga ,ynumberof 
<friHp«pe connection, oilfield country tubular erwt* • , 
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The sealing sleeve 3015 is coupled ,„ the i^ relring adapter J0|0 ^ ^ ^ 
inner sea,i„ g mandre , 3020. The sealing s,eeve 30,5 preferab,y comprises a 
substantially „o„o„ tubular me^ or membeR . m ^ ^ ^ ^ 

abricated from any number of convent, commercial avai,ab,e ma.eria, s such as 

other s,m„ar high sTcogU, materia,*. The seafing sleeve 30 , 5 is fabrics from 
SUUUCS steel in order lo op,i m al. y provide high suengU,, conosion ^ , ow 

friction surfaces. 

The scaling siecve 30, 5 may be coupled ,„ me imKKIring ^ „„ 
any number of co„ve„,i„na, commerciaMy avai,ab,e mcchanica, couplings such as for 
example, drifipipe connect™, oiifleid country OabrUar goods specialIy typa ^ 

con„ec., M ,, ratt hc,-U,ch,ypec„ ra ,ec 1 i„„ 0 ras,a I1 d^d tm eadedc„„„cc,ion The 
-„„g siecve 30,5 is rcm„vab,y co Up ,cd ,„ ^ immuing ^ ' 

.breaded connccion. The seafing sl eeve 30,5 may be coup,ed ,„ me flrs, inner seafing 

15 ^^ingaoynumberofcooveouon.commercia.yavaiiablemechaoica, 
couphngssuch as, for example, dri,,pipe com.ec.ion, „i,fle,d country ntbuiar goods 
^.al* ^ Uueaded connecion, n-ehebfeh ,ype threaded connecfion or a 

^dardUueadedcomtec.ion.-ntesea.ings.eeveJOISisremovablycoup.cdtothe 
firs, inner sealing mandrel 3020 by a standard threaded ejection 

11 ' eSeali "^'-e3O,5prefcrab,yi„c, u desanuidpa S sage3O90U 1 a t isadap t ed 
-convey nutdic material from Ote fluid pasaagc 30,5 into rhe fluid passage 3095 
The flutd passage 3090 is adapted to convey flnidic materia,* such as, for examp,e ' 
cement, epoxy, wa,er, drifling mttd, or hibricants « operating ^ ^ flow ^ 
cangtng from aboul 0 10 9m }m ga , WminuK 

Thefe ' to °« S eali» g mandrcl3020i S coupled l „,heseali„ gs |ecve3015 the 
hydraulic slips 3025, and .he firs, lower sealing head 3035 The r , • 

. ,,„„. . »eaung neaa 3«35. The first inner seal ing 

mandre, 3020 a tohermovah.ycoup.ed torhe firs, upper senh'ng bead 3030 The 
inner sea,i„ g mandre, 3020 preferab,y comprises a snbsSantiaUy ho„„w ,ubu,ar 

30 „uT£r mbere ' T,,en ' S,in — "^™0n«ybefabrica,edfroma»y 
number„fconve„,,o„ al comme r cia I ,y a v a i,ab,ema.eria,ssucba S ,forexamp,coi,fie,d 

^^^^^^^^^^ 

strong* marena,, The firs, imteraeafingma^re, 3020 is fabricaud from s tti „,es, 
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° P,ima " y hi6h «— — ^ and low frtcuon 



The firs, ,„ner sealing mMdrel 3020 may ta ^ „ fc ■ 
«. an, number af convanUona, comme rci a„y avaiiable mech»ica, couplings such 
^ example, *"**» — — • — —X lubulir goods specif ,ype 
—dad connexion, ra,che,.,a,ch m .hreaded common or . slandard 

3Q.5 y a lhraded ^ fct ^ » 

may be coupled ,o .he hydraulic slips 3025 using any number of convemio™, 

"™* aVailab,e mKh ^ i «" ™»P»nga such as, for example, drillplpe 
"^'^^^go^^^^ 

h .ype dreaded con„ec,io„ or a s,andard dueaded conneclion. The fa, inner 
seahng mandrel 3020 is removably coupled „ „ ^ ^ ^ 

hreaded connecion. The firs, irmer sealing mandrel 3020 may be coupled ,„ me ft, 
15 lower seahng head 3033 using a„ y „ uraber _J - 

mectanca, couplings such «, for «^ drj| , pjpt ^ ^ 
•ubular goods spaciahy lype mended common, ralchel-larch .ype .hreaded 
connecdon or a s,andard mrended connecion. The Or* inn. ^ mandre , 3020 „ 
removably coupled .„ d,. first lower sea|ing ^ ^ ^ 
*0 connection. 

The firs, inner aeming mandrel 3020 a ^ 

- « .dap,*. ,o convey fluidic ma,eria,s from me fluid passage 3090 in* me fluid 
P-ge 3 ,00. Tne fluid p^age 30,5 is adap,ed ,o convey fluidic materia, such* 
^ example, wa.er. drilUng mud , ^ w> „ ^ ^ ^ ■ 

and flow ra.es mnging from abou , 0 ,o 9.000 psi ami 0 ,0 3,000 gal.ons/minu.e 

* fa 3020 further preferably includes fluid passage 

3 i 10 dan are adapted ,„ convey fluidic materials ftom me fluid passage 3095 inn, me 
Pressure chambers of me hydraulic slips 3025. ,„ U* mam*, s7^ 3025 arc 
«— upon Iha preasuri^ion of me fluid passage 3095 in,o comae, with „ e inside 

3075. The fluid passages 31,0 „ adapted ,o convey fl-idT 
ma.er.als such as, for example, cemem, e W , wa,er, drilling fluids „ r ,„brioan B a, 
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operaUng presses ^ flow rales ^ ^ ^ Q ^ ^ 
gallons/minute. 

Tbe firs, inner sealing mandrel 3020 further preferably includes fluid passages 

'" 5 ' ta -^P'«"ooonve y nu i die m a,e ri a l sfio 1 n 1 h.nuidpaasage 3 0«in 1 o,he 
ft* P^ssure chamber 3,75 deflned h y ,hc firs, upper sealing head 3030, ,hc fir* 
lower sealing head 3035. me firs, inner sealing ^ 3020 , mi the ^ ^ 
seahng man** 3040 . During „ of ^ ^ ^ 

preas.e chanrber 3175 causes me fi ra „ pper ^ head 3m fc ^ 

to 3 nT " c " d upper ^ head 3o5 °- *• — - — — — 

3060, and d>e expansion c „„e 3070 ,o move in an axial direction. 

The slips 3025 are coupled ,o ,he ouuide surface of ft. firs , inner ^ 
mandrel 3020. Durtng opmtim of lhe ^ ^ ^ ^ ^ ^ ^ 

jn ,he pressurtzaflon of Ore fluid passage 30,5 i„,„ conuac, wi,h ,he inside surface of 
*e cas,„ g 3075. In mis ma™*, Ure slips 3025 main.ain ,he casing 3075 in a 
substantially stationary position. 

Thcs, ^3025prererab,v i „c,„defluidpaasage S 3l25,pre S surecban,bers3,30 
— M The slips 3025 may comprise «,y number ' 
of convenoona, commercially available hvdraufic slips such as, for example, RTTS 
packer .ungsren carbide hydraulic sfips or Mode, 3L re,rievab,e bridge plug vrifl, 
*> hy^uicslip, ^^^^^J^^ 

-.able ^HafliburtonEnergyServiceainonder.o^mafly providence! 
ax,, movemen, of me easmg 3075 during fl. expaoaion pro cess. Tbe firs, upper 

070. The fiiat upper seahng head 3030 is a,so movab.y coup,ed ,o me ou.er surface 
of .he .mrer sealing mandrel 3020 «, me inner surface of me casing 3075 ,„ , hi s 

-na upper sealmg head 3050, me second outer sea,i„g raandre , 30M , ^ lhe 
expansron cone 3070 recipe in me axial direaion. 

O Tfie radial deanmcebe.weenftetaer cylindrical surface of me firs, uppCT 

seahng head 3030 and lhe outer surface of*, r .• .. " rau PI>er 

OUKrs "faceoflhefi ra , inner sealing mandrel 3020 may 
-ge, forexample, from abou, 0.0025 ,„ 0.05 inches. Tbe rtrdia, C^ce bebveen 
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*> -» ^mdrtca, surfacc ^ upper ^ ^ ^ ^ ou(er 

,0 n "** mandrc ' 3020 "» — «*» » W- in order 

^axadia. c,ea,ance be,wee„ Ute outer 

cfcarance ben™ the „ U ,er Cmdrica, surface firs , „„„„ 

(rM>pt*'^ ^ lr ^ i ^* of the casing 3075 ranges from about 0.025 to 0. 125 inches in order^ 
o^prov.es*,^^^^^^ he 



11. firs, upper scaitag head 3030 preferably comprises an amtuiar member 
u,g sufc,^ cylindrica , iMKrand ^ sufacej ^ 

0 prefer mcludes one ortuore ambling members 3I45 fc 

20 1 "'^^''^^^-^""^ofconvenuonal 
available mraiIarsraling such ^ ^ 

Po^saaisortu^apriugeoergizedsea,, TV sealing others 3 ,45 comprise 
^^avauabie^p^^,^,^^ vw ^ 
long axial stroke. B 

^ efc, ^^ li "E«-»3030i„c I „des a shou l dar3 1 50 f „rsupp„r.mg 1 he 

nead 3050, second outer sealing mandrennAn <.~a . 

lower seaiing head 3035. PMS, °" < ~ 307 ° ° n "* *■ 

The fira upper sealing head 3030 may be coupW .„ the firs, outtr s^ing 
seuhng head 3030 .a removab,y coupled ,„ firs, tntter seahng 3(M0 J 
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«-» 3,55 compnse p.^ «,„ avai|able ^ 
optunally p rovi(te sealing for , |ong ^ s(roke 

oiju me second inner sealing mandrel 104 <; r * i 

& uojiurci jwy rhe first lower sealing head ;o 

2 m °™ b ^'<>*«'--ace ofUKteoutosrali „ g ^^ 

the outer sealing mandrel 3040 ranges from about 0.005 to 0.0 1 inches iTordeno 
optmrally provide mi „ imal ^ c|earance " Cte » 

20 ha- ™r ra ' OWer " a ' in8hMd3035Preferab,yC ~»»n»i-n,en,ber 
havrng substantial* cylindrical ^ M<J 

303S may be fahrW.,1 c "races. Tlie first lower sealing head 

ZT,""**-™— '— ^— til, . 
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comprise polypak seals available from Parker Seals in order .0 opfimally provide 
sealing for a long axial stroke. 

The lira lower sealing head 3035 may be eoupled to (he fa, inner sealing 
mandrel 3020 using any number of convent commacially avaiIab , e 
eouphngs such as, for example, drillpipe connection, oilfield counuy tubular goods 
specialty type threaded connect ratchet . lalch lype or ^ 

standard threaded connection. The firs, lower sealing head 3035 fa rem0 vably coupled 
.0 the firs, inner sealing ma „ dre , 30 20 by a sKndard threaded connecion The 
mechanical coupling beween me firs, lower soling head 3035 and ,he fa, iniKr 
sealing mandrel 3020 includes one or more Kaling members fc nuidic|y 
,he tmerface be,ween the firs, lower sealing head 3035 and me firs, inner sealing 
mandrel 3020. The sealing members 3 1 65 may comprise any number of convert^ 
commercially available sealing membc. such as, for example, o-rings, polypak seals 
or m* spring anergic seals. Thesealmgmembe.JIWcomprisepo.ypa^eafa ' 
avatlable frcm Parker Seals in order ,0 opfimally provide sealing f, r a long axia, shoke 
length. 

The fa, ,„we, sealing head 3035 may be coupled u> 0k second inner sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
eouphngs such as. for example, drillpipe connection, oilfield counuy tubular goods 
spectahy ,ype mreaded connecion, rt«che,-lawh type Uueaded connecion or a 
standard fineaded connecion. The firs, lower sealing head 3035 fa rcmovably coupled 
>o me second inner sealing mandrel 3045 by a standard tended common The 
mechanteal coupling be,wee„ the fi rel loW er sealing head 3035 and tfte second inner 
sealing mamhel 3045 includes on. or more sealing membet, 3,70 for fluidtcly sealmg 
■he tmerface be,ween me fits, ,„„„ sealing head 3035 and me second inner sealing 
mandrel 3045. The sealing members 3.70 ma, cpriseany number of convenfional 
commercially available sealing membe. **„ as, for sample, .rings, ^ ^ 
or metal spring energized seals. The sealing member 3 1 70 comprise polyp* seals 
avadable from Parte, Seals in order ,„ opfimally pnavide sealing f„ r a long Mial 



0 



stroke 



The first outer sealing mandrel 3040 is coupled to the first upper sealing head 
3030 and the second upper sealing head 3050. The first outer sealing mandrel 3040 is 
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also movably coup.ed •„ fine inner surface of the casing 3075 and ,he ou,er surface of 
•he firs, lower sealing head 3035. ,„ this manner, ,he firs, upper sealing head 3030 
firs, outer sealing mandrel 3040, second upper sealing head 3050, second outer sealing 

m -*^»oO,a^ l hecxpansio„cone3070recip ro ca I e i „,heaxia,direc,i„n The 
rad.,1 clearance between .heourer surtac oftttefim outer sealing mantba. 3040 and 
the mner surface of .he casing 3075 may range, for example, from about 0.025 ,„ 0 375 
■nches. The radial clearam* between me outer surface of the first outer sealing 
maadrel 3040 and the inner surface of the casing 3075 ranges from about 0 025 ,„ 
0.125 mches in order ,o optimally provide stabilization for the expansion cone 3070 
dunng me expansion process. The radial clearance between me inner surface of the 
first outer sealing mandrel 3040 and the outer surface of the firs, lower se a, ing head 
3035 may range, for example, from about 0.005 toO.125 inches. The radial clearance 
between the inner surface of the fir* outer sealing mandrel 30w ^ ^ ^ ^ 
of the firs, lower sealing head 3035 ranges from about 0.005 ,„ 0.01 inches in order ,0 
ro optimally provide minimal radial clearance. 

The firs, outer sealing mandrel 3040 preferably comprises an annular member 
havmg subs.an.ia.ly cylindrical inner and ou.er surfaces. The firs, „„«= r baling 
mandrel 3040 may be fabrica,ed from any number of convennona, commercially 
avatlable ma,eria,s such as, for example, oilfield countty mbula, goods, low alloy 

20 ^'.-rtons.eel.a.ainleass.eelorodrersimilarhighshengthma.erial, Thefirs, 
ou.ee sealing mandrel 3040 is fabricated from aainless « m ^ „ opliraa „ y 
prov.de high strength, corrosion resistance, and low Helta, surfaces 

™ e firet ° uto «*l —« 3040 may be coupled u, the ft* uppe, sealing 
head 3030 using any nuDlber of 

coupltngs such as, for exan,p,e, drillpipe conned™, oilfield coumry .ubular goods 
specif ,vpe .headed connecfion, mche.-la.ch ,ype .breaded connection or a 
standard beaded connecfion. The firs, „u,er sealing mand re | 3040 is removably 
coupled ,0 the first upper sealing head 3030 by a standard .headed connecfion. The 
mechamcal coupling be,ween me firs, cader sealing m^drel 3040 »,d ,he firs, upper 
sealmg head 3030 includes one or more sealing m embe re 3 „„ f„ r saaHng ^ interface 
between Ac fim. ou,er sealmg man^l 3040 and .he firs, upper sealing bead 3030. 
The sealmg members 3 1 go may comprise any number of convemional commercially 
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available sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. The sealing members 3180 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. The first outer sealing mandrel 3040 is 
removably coupled to the second upper sealing head 3050 by a standard threaded 
connection. The mechanical coupling between the first outer sealing mandrel 3040 
and the second upper sealing head 3050 includes one or more sealing members 3185 
for sealing the interface between the first outer sealing mandrel 3040 and the second 
upper sealing head 3050. The sealing members 3 1 85 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings 
polypak seals or metal spring energized seals. The sealing members 3 1 85 comprise' 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower sealing 
head 3035 and the second lower sealing head 3055. The second inner sealing mandrel 
3045 preferably comprises a substantially hollow tubular member or members. The 
second inner sealing mandrel 3045 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. The second inner sealing mandrel 3045 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. The second inner sealing mandrel 3045 
is removably coupled to the first lower sealing head 3035 by a standard threaded 
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connection. The second inner sealing mandrel 3045 may be coupled to the second 
lower sealing head 3055 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type connection, or a 
standard threaded connection. The second inner sealing mandrel 3045 is removably 
coupled to the second lower sealing head 3055 by a standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a fluid passage 
3 100 that is adapted to convey fluidic materials from the fluid passage 3095 into the 
fluid passage 3 105. The fluid passage 3 100 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid passage 3100 
into the second pressure chamber 3 1 90 defined by the second upper sealing head 3050, 
the second lower sealing head 3055, the second inner sealing mandrel 3045, and the 
second outer sealing mandrel 3060. During operation of the apparatus 3000, 
pressurization of the second pressure chamber 3 190 causes the first upper sealing head 
3030, the first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and the expansion cone 3070 to move in an axial 
direction. 

The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper sealing 
head 3050 is also movably coupled to the outer surface of the second inner sealing 
mandrel 3045 and the inner surface of the casing 3075. In this manner, the second 
upper sealing head 3050 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the second upper sealing head 3050 and the 
outer surface of the second inner sealing mandrel 3045 may range, for example, from 
about 0.0025 to 0.05 inches. The radial clearance between the inner cylindrical surface 
of the second upper sealing head 3050 and the outer surface of the second inner sealing 
mandrel 3045 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between the outer cylindrical surface of 
the second upper sealing head 3050 and the inner surface of the casing 3075 may 
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range, for example, from about 0.025 to 0.375 inches. The radial clearance between 
the outer cylindrical surface of the second upper sealing head 3050 and the inner 
surface of the casing 3075 ranges from about 0.025 to 0.125 inches in order to 
optimally provide stabilization for the expansion cone 3070 during the expansion 
process. 

The second upper sealing head 3050 preferably comprises an annular member 
havmg substantially cylindrical inner and outer surfaces. The second upper sealing 
head 3050 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. The second upper sealing 
head 3050 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface of the second upper 
sealing head 3050 preferably includes one or more annular sealing members 3195 for 
sealing the interface between the second upper sealing head 3050 and the second inner 
sealing mandrel 3045. The sealing members 3 195 may comprise any number of 
conventional commercially available annular sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. The sealing members 3 1 95 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The second upper sealing head.3050 includes a shoulder 3200 for supporting 
the first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 on 
the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer sealing 
mandrel 3040 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. The second upper sealing head 3050 is removably 
coupled to the first outer sealing mandrel 3040 by a standard threaded connection. 
The mechanical coupling between the second upper sealing head 3050 and the first 
outer sealing mandrel 3040 includes one or more sealing members 3 1 85 for fluidicly 
sealing the interface between the second upper sealing head 3050 and the first outer 
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sealing mandrel 3040. The second upper sealing head 3050 may be coupled to the 
second outer sealing mandrel 3060 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, ratchet-latch type threaded 
5 connection, or a standard threaded connection. The second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard threaded 
connection. The mechanical coupling between the second upper sealing head 3050 
and the second outer sealing mandrel 3060 includes one or more sealing members 
3205 for fluidicly sealing the interface between the second upper sealing head 3050 

1 0 and the second outer sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner sealing 
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is also 
movably coupled to the inner surface of the second outer sealing mandrel 3060. In this 
manner, the first upper sealing head 3030, first outer sealing mandrel 3040, second 

15 upper sealing mandrel 3050, second outer sealing mandrel 3060, and expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer surface 
of the second lower sealing head 3055 and the inner surface of the second outer sealing 
mandrel 3060 may range, for example, from about 0.0025 to 0.05 inches. The radial 
clearance between the outer surface of the second lower sealing head 3055 and the 

20 inner surface of the second outer sealing mandrel 3060 ranges from about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 3055 may be fabricated from any number of conventional commercially available 

25 materials such as, for example, oilfield country tubular goods/low alloy steel, carbon 
steel, stainless steel, or other similar high strength materials. The second lower sealing 
head 3055 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second lower 
sealing head 3055 preferably includes one or more annular sealing members 3210 for 

30 sealing the interface between the second lower sealing head 3055 and the second outer 
sealing mandrel 3060. The sealing members 3210 may comprise any number of 
conventional commercially available annular sealing members such as, for example, o- 
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rings, polypak seals, or meta! spring energized seals. The sealing members 3210 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the second inner sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. The second 
lower sealing head 3055 is removably coupled to the second inner sealing mandrel 
3045 by a standard threaded connection. The mechanical coupling between the lower 
sealing head 3055 and the second inner sealing mandrel 3045 includes one or more 
sealing members 3215 for fluidicly sealing the interface between the second lower 
sealing head 3055 and the second inner sealing mandrel 3045. The sealing members 
3215 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
The sealing members 3215 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the load mandrel 3065 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connection. The second lower sealing 
head 3055 is removably coupled to the load mandrel 3065 by a standard threaded 
connection. The mechanical coupling between the second lower sealing head 3055 
and the load mandrel 3065 includes one or more sealing members 3220 for fluidicly 
sealing the interface between the second lower sealing head 3055 and the load mandrel 
3065. The sealing members 3220 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. The sealing members 3220 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second lower sealing head 3055 includes a throat passage 3225 fluidicly 
coupled between the fluid passages3100 and 3105. The throat passage 3225 is 
preferably of reduced size and is adapted to receive and engage with a plug 3230, or 
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other similar device. In this manner, the fluid passage 3100 is fluidicly isolated from 

the fluid passage 3 1 05. In this manner, the pressure chambers 3 1 75 and 3 190 are 

pressurized. Furthermore, the placement of the plug 3230 in the throat passage 3225 

also pressurizes the pressure chambers 3 1 30 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper sealing 

head 3050 and the expansion cone 3070. The second outer sealing mandrel 3060 is 

also movably coupled to the inner surface of the casing 3075 and the outer surface of 

the second lower sealing head 3055. In this manner, the first upper sealing head 3030, 

first outer sealing mandrel 3040, second upper sealing head 3050, second outer sealing 

mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. The 

radial clearance between the outer surface of the second outer sealing mandrel 3060 

and the inner surface of the casing 3075 may range, for example, from about 0.025 to 

0.375 inches. The radial clearance between the outer surface of the second outer 

sealing mandrel 3060 and the inner surface of the casing 3075 ranges from about 0.025 

to 0. 125 inches in order to optimally provide stabilization for the expansion cone 3070 

during the expansion process. The radial clearance between the inner surface of the 

second outer sealing mandrel 3060 and the outer surface of the second lower sealing 

head 3055 may range, for example, from about 0.0025 to 0.05 inches. The radial 

clearance between the inner surface of the second outer sealing mandrel 3060 and the 

outer surface of the second lower sealing head 3055 ranges from about 0.005 to 0.0 1 

inches in order to optimally provide minimal radial clearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The second outer 

sealing mandrel 3060 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield country tubular goods, 

low alloy steel, carbon steel, stainless steel or other similar high strength materials. 

The second outer sealing mandrel 3060 is fabricated from stainless steel in order to 

optimally provide high strength, corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second upper 

sealing head 3050 using any number of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 

tubular goods specialty type threaded connection, or a standard threaded connection. 
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The outer sealing mandrel 3060 is removably coupled to the second upper sealing head 
3050 by a standard threaded connection. The second outer sealing mandrel 3060 may 
be coupled to the expansion cone 3070 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, or a 
standard threaded connection. The second outer sealing mandrel 3060 is removably 
coupled to the expansion cone 3070 by a standard threaded connection. 

The first upper sealing head 3030, the first lower sealing head 3035, the first 
inner sealing mandrel 3020, and the first outer sealing mandrel 3040 together define 
the first pressure chamber 3 1 75. The second upper sealing head 3050, the second 
lower sealing head 3055, the second inner sealing mandrel 3045, and the second outer 
sealing mandrel 3060 together define the second pressure chamber 3 190. The first and 
second pressure chambers, 3 1 75 and 3 190, are fluidicly coupled to the passages, 3095 
and 3 100, via one or more passages, 3 1 15 and 3 120. During operation of the apparatus 
3000, the plug 3230 engages with the throat passage 3225 to fluidicly isolate the fluid 
passage 3 1 00 from the fluid passage 3 1 05. The pressure chambers, 3 1 75 and 3 1 90, are 
then pressurized which in turn causes the first upper sealing head 3030, the first outer 
sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and expansion cone 3070 to reciprocate in the axial direction. The axial 
motion of the expansion cone 3070 in turn expands the casing 3075 in the radial 
direction. The use of a plurality of pressure chambers, 3175 and 3190, effectively 
multiplies the available driving force for the expansion cone 3070. 

The load mandrel 3065 is coupled to the second lower sealing head 3055. The 
load mandrel 3065 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 3065 may be fabricated from 
any number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. The load mandrel 3065 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 using 
any number of conventional commercially available mechanical couplings such as, for 
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example, epoxy, cement, water, drilling mud, or lubricants. The load mandrel 3065 is 
removably coupled to the lower sealing head 3055 by a standard threaded connection. 

Hie load mandrel 3065 preferably includes a fluid passage 3105 that is adapted 
to convey fluidic materials from the fluid passage 3100 to the region outside of the 
apparatus 3000. The fluid passage 3105 is adapted to convey fluidic materials such as, 
for example, cement, epoxy, water, drilling mud or lubricants at operating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 3070 is coupled to the second outer sealing mandrel 3060. 
The expansion cone 3070 is also movably coupled to the inner surface of the casing 
3075. In this manner, the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and the 
expansion cone 3070 reciprocate in the axial direction. The reciprocation of the 
expansion cone 3070 causes the casing 3075 to expand in the radial direction. 

The expansion cone 3070 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in order 
to optimally provide an expansion cone 3070 for expanding typical casings. The axial 
length of the expansion cone 3070 may range, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. The axial length of the 
expansion cone 3070 ranges from about 3 to 5 times the maximum outer diameter of 
the expansion cone 3070 in order to optimally provide stabilization and centralization 
of the expansion cone 3070 during the expansion process. The maximum outside 
diameter of the expansion cone 3070 is between about 95 to 99 % of the inside 
diameter of the existing wellbore that the casing 3075 will be joined with. The angle 
of attack of the expansion cone 3070 ranges from about 5 to 30 degrees in order to 
optimally balance the frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride steel, 
t.tan,um, tungsten carbide, ceramics, or other similar high strength materials. The 
expansion cone 3070 is fabricated from D2 machine tool steel in order to optimally 
provide high strength and resistance to wear and galling. The outside surface of the 
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expansion cone 3070 has a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally provide high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercially available mechanical 
5 couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type connection or a standard 
threaded connection. The expansion cone 3070 is coupled to the second outside 
sealing mandrel 3060 using a standard threaded connection in order to optimally 
provide high strength and easy disassembly. 
10 The casing 3075 is removably coupled to the slips 3025 and the expansion cone 

3070. The casing 3075 preferably comprises a tubular member. The casing 3075 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, carbon steel, low alloy 
steel, stainless steel, or other similar high strength materials. The casing 3075 is 
15 fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide high strength. 

The upper end 3235 of the casing 3075 includes a thin wall section 3240 and an 
outer annular sealing member 3245. The wall thickness of the thin wall section 3240 
.s about 50 to 100 % of the regular wall thickness of the casing 3075. In this manner, 
the upper end 3235 of the casing 3075 may be^easily radially expanded and deformed 
into intimate contact with the lower end of an existing section of wellbore casing. The 
lower end of the existing section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section 3240 of casing 3075 into the 
thin walled section of the existing wellbore casing results in a wellbore casing having a. 
25 substantially constant inside diameter. 

The annular sealing member 3245 may be fabricated from any number of 
convenUonal commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 3245 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and wear resistance 
30 The outside diameter of the annular sealing member 3245 preferably ranges from 

about 70 to 95 % of the inside diameter of the lower section of the wellbore casing that 
the casmg 3075 is joined to. In this manner, after radial expansion, the annular sealing 
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member 3245 optimally provides a fluidic seal and also preferably optimally provides 
sufficient frictional force with the inside surface of the existing section of wellbore 
casing during the radial expansion of the casing 3075 to support the casing 3075. 

The lower end 3250 of the casing 3075 includes a thin wall section 3255 and an 
5 outer annular sealing member 3260. The wall thickness of the thin wall section 3255 
is about 50 to 1 00 % of the regular wall thickness of the casing 3075. In this manner 
the lower end 3250 of the casing 3075 may be easily expanded and deformed. 
Furthermore, in this manner, an other section of casing may be easily joined with the 
lower end 3250 of the casing 3075 using a radial expansion process. The upper end of 
10 the other section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into the thin 
walled section 3255 of the lower end 3250 of the casing 3075 results in a wellbore 
casing having a substantially constant inside diameter. 

The upper annular sealing member 3245 may be fabricated from any number of 
15 conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic: The upper annular sealing member 3245 is fabricated from 
Stratalock epoxy in order to optimally provide compressibility and resistance to wear. 
The outside diameter of the upper annular sealing member 3245 preferably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the existing 
20 wellbore casing that the casing 3075 is joined to. In this manner, after radial 

expansion, the upper annular sealing member 3245 preferably provides a fluidic seal 
and also preferably provides sufficient frictional force with the inside wall of the 
wellbore during the radial expansion of the casing 3075 to support the casing 3075. 

The lower annular sealing member 3260 may be fabricated from any number of 
25 conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The lower annular sealing member 3260 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and resistance to wear 
The outside diameter of the lower annular sealing member 3260 preferably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the existing 
30 wellbore casing that the casing 3075 is joined to. In this manner, the lower annular 
sealing member 3260 preferably provides a fluidic seal and also preferably provides 
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sufficient frictional force with the inside wall of the wellbore during the radial 
expans.on of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a wellbore 
w,th the upper end 3235 of the casing 3075 positioned in an overlapping relationship 
w,th the lower end of an existing wellbore casing. The thin wall section 3240 of the 
casmg 3075 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the .ower end of the existing section of wellbore 
casmg. In this manner, the radial expansion of the casing 3075 will compress the thin 
wall secuons and annular compressible members of the upper end 3235 of the casing 
3075 and the lower end of the existing wellbore casing into intimate contact. During 
the portioning of the apparatus 3000 in the wellbore, the casing 3000 is preferably 
supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material is then pumped into 
the fluid passage 3080. The first fluidic materia, may comprise any number of 
conventional commercially available materials such as, for example, driKing m ud 
water, epoxy, cement, slag mix or lubricants. The first fluidic material comprises a 
hardenable fluidic sealing materia, such as, for example, cement, epoxy, or slag mix in 
order to optimally provide a hardenable outer annular body around the expanded 
casing 3075. 

The first fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The first fluidic materia, is pumped into the fluid passage 
3080 at operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 
1,200 gallons/minute in order to optimally provide operating efficiency. 

The first fluidic material pumped into the fluid passage 3080 passes through the 
flu,d passages 3085, 3090, 3095, 3.00, and 3105 and then outside of the apparatus 
3000. The first fluidic material then preferably fills the annular region between the 
outs,de of the apparatus 3000 and the interior walls of the wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 3230 
lodges m the throat passage 3225 and fluidicly isolates and blocks off the fluid passage 
3100. A couple of volumes of a non-hardenable fluidic material are then pumped into 
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the fluid passage 3080 in order to remove any hardenable fluidic material contained 
within and to ensure that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 3080. The 
second fluidic material may comprise any number of conventional commercially 
5 available materials such as, for example, water, drilling gases, drilling mud or 
lubricant. The second fluidic material comprises a non-hardenable fluidic material 
such as, for example, water, drilling mud, drilling gases, or lubricant in order to 
optimally provide pressurization of the pressure chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 
0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 3080 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The second fluidic material pumped into the fluid passage 3080 passes through 
the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 3130 of the 
slips 3025, and into the pressure chambers 3175 and 3190. Continued pumping of the 
second fluidic material pressurizes the pressure chambers 3 1 30, 3 1 75, and 3 1 90. 

The pressurization of the pressure chambers 3130 causes the hydraulic slip 
members 3140 to expand in the radial direction and grip the interior surface of the 
casing 3075. The casing 3075 is then preferably maintained in a substantially 
stationary position. 

The pressurization of the pressure chambers 3 1 75 and 3 1 90 cause the first 
upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing head 
3050, second outer sealing mandrel 3060, and expansion cone 3070 to move in an 
axial direction relative to the casing 3075. In this manner, the expansion cone 3070 
will cause the casing 3075 to expand in the radial direction, beginning with the lower 
end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from moving 
in an upward direction by the slips 3025. A length of the casing 3075 is then expanded 
in the radial direction through the pressurization of the pressure chambers 3 1 75 and 
3190. The length of the casing 3075 that is expanded during the expansion process 
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will be proportional to the stroke length of the first upper sealing head 3030, first outer 
seahng manure. 3040, second upper sealing head 3050, and expansion cone 3070 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material is reduced and the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060 and 
expansion cone 3070 drop to their rest positions with the casing 3075 supported by the 
expansion cone 3070. The reduction in the operating pressure of the second fluidic 
matenal also causes the spring bias 3135 of the slips 3025 to pull the slip members 
3 140 away from the inside walls of the casing 3075. 

The position of the drillpipe 3075 is preferably adjusted throughout the radial 
expanse process in order to maintain the overlapping relationship between the thin 
walled sections of the lower end of the existing wellbore casing and the upper end of 
the casing 3235. The stroking of the expansion cone 3070 is then repeated as 
necessary, until the thin walled section 3240 of the upper end 3235 of the casing 3075 
» expanded into the thin walled section of the lower end of the existing wellbore 
casmg. ,n this manner, a wellbore casing is formed including two adjacent sections of 
casmg having a substantially constant inside diameter. This process may then be 
repeated for the entirety of the wellbore to provide a wellbore casing thousands of feet 
•n length having a substantially constant inside diameter. 

During the final stroke of the expansion cone 3070, the slips 3025 are 
positioned as Cose as possible to the thin walled section 3240 of the upper end 3235 of 
the casmg 3075 in order minimize slippage between the casing 3075 and the existing 
wellbore casing at the end of the radial expansion process. Alternatively or in 
addUion, the outside diameter of the upper annular sealing member 3245 is selected to 
ensure sufficient interference fit with the inside diameter of the lower end of the 
ex,st,ng casing to prevent axial displacement of the casing 3075 during the final stroke 
Active,* or in addition, the outside diameter ofthe.ower annular sealing membe; 
3260 ,s selected to provide an interference fit with the inside walls of the wellbore at 
an earher point in the radial expansion process so as to prevent further axial 
^placement of the casing 3075. In this final alternative, the interference fit is 
preferably selected to permit expansion of the casing 3075 by pulling the expansion 
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cone 3070 ou, of the wellbore, without having to pressurize the pressure chambers 
3175 and 3190. 

During the radial expansion process, the pressurized areas of the apparatus 
3000 are preferably limited to the fluid passages 3080, 3085, 3090, 3095, 3100, 3110, 
5 31 15, 3 120, the pressure chambers 3130 within the slips 3025, and the pressure 
chamber S 3175and3190. No fluid pressure acts directly on the casing 3075. This 
permits the use of operating pressures higher than the casing 3075 could normally 
withstand. 

Once the casing 3075 has been completely expanded off of the expansion cone 
3070, the remaining portions of the apparatus 3000 are removed from the wellbore. 
The contact pressure between the deformed thin wall sections and compressible 
annular members of the lower end of the existing casing and the upper end 3235 of the 
casing 3075 ranges from about 400 to 10,000 psi in order to optimally support the 
casing 3075 using the existing wellbore casing. 

In this manner, the casing 3075 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 3080, 3085, 3090 
3095, 3100, 3 1 10, 3 11 5, and 3120, the pressure chambers 3130 of the slips 3025 and ' 
the pressure chambers 3 175 and 3190 of the apparatus 3000. 

As required, the annular body of hardenable fluidic material is then allowed to 
cure to form a rigid outer annular body about the expanded casing 3075. In the case 
where the casing 3075 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 3075. The resulting new section of wellbore casing 
includes the expanded casing 3075 and the rigid outer annular body. The overlapping 
joint between the pre-existing wellbore casing and the expanded casing 3075 includes 
the deformed thin wall sections and the compressible outer annular bodies. The inner 
diameter of the resulting combined wellbore casings is substantially constant. In this 
manner, a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular members having thin wall end portions with compressible annular 
bodies into contact can be repeated for the entire length of a wellbore. In this manner, 
a mono-diameter wellbore casing can be provided for thousands of feet in a 
subterranean formation. 
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As the expansion cone 3070 nears the upper end 3235 of the casing 3075, the 
operating flow rate of the second fluidic material is reduced in order to minimize shock 
to the apparatus 3000. In an alternative embodiment, the apparatus 3000 includes a 
shock absorber for absorbing the shock created by the completion of the radial 
5 expansion of the casing 3075. 

The reduced operating pressure of the second fluidic material ranges from about 
100 to 1,000 psi as the expansion cone 3070 nears the end of the casing 3075 in order 
to optimally provide reduced axial movement and velocity of the expansion cone 3070. 
The operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 3000 to the range of about 0 to 500 psi in order minimize the 
resistance to the movement of the expansion cone 3070 during the return stroke. The 
stroke length of the apparatus 3000 ranges from about 10 to 45 feet in order to 
optimally provide equipment that can be easily handled by typical oil well rigging 
equipment and also minimize the frequency at which the apparatus 3000 must be re- 
15 stroked. 

In an alternative embodiment, at least a portion of one or both of the upper 
sealing heads, 3030 and 3050, includes an expansion cone for radially expanding the 
casing 3075 during operation of the apparatus 3000 in order to increase the surface 
area of the casing 3075 acted upon during the radial expansion process. In this 
20 manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 3000 may be used to 
directly line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 3000 may be used to 
25 expand a tubular support member in a hole. 

Referring now to Figure 21, an apparatus 3330 for isolating subterranean zones 
will be described. A wellbore 3305 including a casing 3310 are positioned in a 
subterranean formation 3315. The subterranean formation 3315 includes a number of 
productive and non-productive zones, including a water zone 3320 and a targeted oil 
30 sandzone3325. During exploration of the subterranean formation 3315, the wellbore 
3305 may be extended in a well known manner to traverse the various productive and 
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non-productive zones, including the water zone 3320 and the targeted oil sand zone 
3323. 

In order to fluidicly isolate the water zone 3320 from the targeted oil sand zone 
3325, an apparatus 3330 is provided that includes one or more sections of solid casing 
3335, one or more external seals 3340, one or more sections of slotted casing 3345 
one or more intermediate sections of solid casing 3350, and a solid shoe 3355 

The solid casing 3335 may provide a fluid conduit that transmits fluids and 
other materials from one end of the solid casing 3335 to the other end of the solid 
casmg 3335. The solid casing 3335 may comprise any number of conventional 
commercially available sections of solid tubular casing such as, for example, oilfield 
tubulars fabricated from chromium steel or fiberglass. The solid casing 3335 
comprises oilfield tubulars available from various foreign and domestic steel mills 

The solid casing 3335 is preferably coupled to the casing 33 10. The solid 
casmg 3335 may be coupled to the casing 33 1 0 using any number of conventional 
15 commercially available processes such as, for example, welding, slotted and 

expandable connectors, or expandable solid connectors. The solid casing 3335 is 
coupled to the casing 3310 by using expandable solid connectors. The solid casing 
3335 may comprise a plurality of such solid casings 3335. 

20 ™ ^ eSO ' id ^ ing3335iSp ^ 

3345. The solid casing 3335 may be coupled to the slotted casing 3345 using any 
number of conventional commercially available processes such as, for example 
weldmg, or slotted and expandable connector The so.id casing 3335 is coupled to the 
slotted casing 3345 by expandable solid connectors. 

^ The casing 3335 includes one more valve member 3360 for controlling the 

flowoffluidsandomermateria.swithinmemteriorregionofthecasing3335. In an 
alternative embodiment, during the production mode of operation, an interna, tubular 
strmg Wlth various mangemcm of ^ pertwted ^ siid ^ ^ ^ 

valves may be employed within the apparatus to provide various options for 

30 :rT ng r iso,atin8sub ~ 

M path to the surface. 

^- i "83335isp l ace <1 i„ ra ^ W e„ b „ re 330 5 b yet pa„ di „ glh eca3 i „ 6 333 5 
m .he rad,al direction i„,„ i nlimale ^ ^ ^ ^ ^ rffc ^ 
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Tne -ing 3335 may be expanded m te radia| ^ ^ ^ ^ 
eonvenbona, comraercU1Iy ^ ^ ^ ^ ^ ^ 

5 an„ , ^ aalS3M0PreVenl ^ Pa ^ eOf " u *-'°*«"-«-al S w ill , i „, h , 

*>'"g irom and to the annular region 3365 In thi« 

rj t scs siot,ed ""*"" — ■* *» - 

A^een, Scoflan. * slolttd casing 145 ^ 
■ubularcasmg available fro m Pe«,| ine to Aberdeen, Scottad 

3T.es,o,,edeasto 8 3345 isprefe ra b,yeo„pled,„ MK or m „res„, i deasi„g3335 

~ * ™ such aa, for e^ple, we.dtog T r 

casing 3335 by expandable solid connectors. 

3 TZ a *- m * mt ~ ^^coup.ed.ou.to.e^a.e solidrasing 

Zl " XM ' **« "~ — 3345 is 

coup.edu, ,be buermediare solid easing 3350 by expaadabie solid e„n„ee,ors 

H» las, seetion of stow easing 3345 is preferably eoup.ed ,o .he sboe 3355 
ne ,asr slodeo easing 3345 may be eoupled ,o *. shoe 3355 using any ^ 

-^^a.lyavaitob^aesanchas.fore^U.C 
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expandable solid or slotted connectors. The last slotted casing 3345 is coupled to the 
shoe 3355 by an expandable solid connector. 

In an alternative embodiment, the shoe 3355 is coupled directly to the last one 
of the intermediate solid casings 3350. 
5 The slotted casings 3345 are positioned, within the wellbore 3305 by expanding 

the slotted casings 3345 in a radial direction into intimate contact with the interior 
walls of the wellbore 3305. The slotted casings 3345 may be expanded in a radial 
direction using any number of conventional commercially available processes. The 
slotted casings 3345 are expanded in the radial direction using one or more of the 
processes and apparatus disclosed in the present disclosure with reference to Figures 
14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to pass 
between adjacent slotted casings 3345. The intermediate solid casing 3350 may 
comprise any number of conventional commercially available sections of solid tubular 
casing such as, for example, oilfield tubulars fabricated from chromium steel or 
fiberglass. The intermediate solid casing 3350 comprises oilfield tubulars available 
from foreign and domestic steel mills. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional commercially 
available processes such as, for example, welding, or solid or slotted expandable 
connectors. The intermediate solid casing 3350 is coupled to the slotted casing 3345 
by expandable solid connectors. The intermediate solid casing 3350 may comprise a 
plurality of such intermediate solid casing 3350. 

Each intermediate solid casing 3350 includes one more valve members 3370 for 
controlling the flow of fluids and other materials within the interior region of the 
intermediate casing 3350. In an alternative embodiment, as will be recognized by 
persons having ordinary skill in the art and the benefit of the present disclosure, during 
the production mode of operation, an internal tubular string with various arrangements 
of packers, perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating subterranean zones 
from each other while providing a fluid path to the surface. 
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The intermediate casing 3350 is placed into the wellbore 3305 by expanding the 
■ntermediate casing 3350 in the radial direction into intimate contact with the interior 
walls of the wellbore 3305. The intermediate casing 3350 may be expanded in the 
rad,a. d.rection using any number of conventional commercially available methods 

In an alternative embodiment, one or more of the intermediate solid casings 
3350 may beomitted. One or more ofthe slotted casings 3345 are provided with one 
or more seals 3340. 

The shoe 3355 provides a support member for the apparatus 3330. In this 
manner, various production and exploration tools may be supported by the shoe 3355. 
The shoe 3355 may comprise any number of conventional commercially available 
shoes suitable for use in a wellbore such as, for example, cement filled shoe, or an 
alumaum or composite shoe. The shoe 3355 comprises an aluminum shoe available 
from Halliburton. The shoe 3355 is selected to provide sufficient strength in 
compression and tension to permit the use of high capacity production and exploration 

■5 tools. 

Tl* apparatus 3330 includes a plurality „f Mlid asim n}5 , ^ of 

3340. a plurality of slotK d casings 3345, a plurality „f intenne( , iate xM ^ 
3350, ana . shx 33s5 . More gmmlly fc ^ ^ ^ ^ ^ 

soltd casings 3335, each wift one or mora valve tnerabera 3360, „ slotted casings 
3345, n-l interotediate soHd casings 3350, each with one or more valve members 
3370, and a shoe 3355. 

During operation of the apparatus 3330, oil and gas may be controllably 
produced from the targeted oil sand zone 3325 using the slotted casings 3345 The oil 

*~W^*lm a ^u> u ^ 1 ^^te* M c* Bg Ji35 The 
use of intermediate solid casings 3350 with valve members 3370 permits isolated 
sechons ofthe zone 3325 to be selectively isolated for production. The seals 3340 
pcrmn the zone 3325 to be fluidicly isolated from the zone 3320. The seals 3340 
further permits isolated sections ofthe zone 3325 to be fluidicly isolated from each 
other. In this manner, the apparatus 3330 permits unwanted and/or non-productive 
subterranean zones to be fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons having ordinary 
sk.ll m the art and also having the benefit ofthe present disclosure, during the 
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production mode of operation, an internal tubular string with various arrangements of 
packers, perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating subterranean zone: 
from each other while providing a fluid path to the surface. 
5 Although illustrative embodiments of the invention have been shown and 

described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. 
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Table For Co nversion To Metric Units 

0 to 650 gallons/minute and 0 to 10,000 psi (0 to 2,460.51767 litres/minute and 0 to 
689.476 bar) 

1000 to 10000 psi (68.95 to 689.5 bar) 

5 0.75 to 47 inches and 1.05 to 48 inches (1.905 to 1 19.38 centimetres and 2.667 to 121.92 
centimetres) 

0 to 3,000 gallons/minute and 0 to 9,000 psi (0 to 1 1356.24 litres/minute and 0 to 620 528 
bar) 

1 ,000 to 1,000 000 lbf (.478803 to 478.803 bar) 

10 0 to 5,000 psi and 0 to 1, 500 gallons/minute (0 to 344.738 bar and 0 to 561 8. 12 
litres/minute) 

400 to 10,000 psi and 30 to 4,000 gallons/min (27.58 to 689.476 bar and 1 1 3.56 to 
15141.68 litres/minute) 

500 to 9,000 psi and 40 to 3,000 gallons/min (34.47 to 620.53 bar and 1 5 1 .42 to 1 1356.24 
15 litres/minute) 

500 to 9,000 psi (34.47 to 620.53 bar) 

0 to 5 ft/sec (1.524 metres) 

0 to 2 ft/sec (.6096 metres) 

400 to 10,000 psi (27.58 to 689.476 bar) 
20 5 feet (1.524 metres) 

1.05 to 48 inches and 1/8 to 2 inches (2.667*0 121.92 and .3175 to 5.08 centimetres) 
2.5 to 50 inches (6.35 to 127 centimetres) 
1/16 to 1.25 inches (.159 to 3.175 centimetres) 

3.5 to 19 inches and 1/8 to 1.25 (8.89 to 48.26 and .3175 to 3.175 centimetres) 
25 40 to 20,000 feet (12. 192 to 6096.00 metres) 

40 to 3,000 gallons/minute and 500 to 9,000 psi (151.42 to 1 1356.24 litres/minute and 
34.47 to 620.53 bar) 

0 to 500 gallons/minute and 0 to 1,000 psi (Oto 1 892.705 litres/minute and 0 to 68.95 bar) 
40,000 to 1 35,000 psi (2757.90 to 9307.92 bar) 
30 1/16 to 1.5 inches (.159 to 3.81 centimetres) 
1/8 to 1.25 in (.3175 to 3.175 centimetres) 
1.05 to 48 inches (2.667 to 121.92 centimetres) 
3 Vi to 19 inches (8.89 to 48.26 centimetres) 
2 to 5 feet (.6096 to 1 .524 metres) 
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0 to 9,000 psi (0 to 620.528 bar) 
1.125 to 3 inches (2.857 to 7.62 centimetres) 
0.25 to 0.75 (0.635 to 1 .905 centimetres) 
3.5 to 1 9 in (8.89 to 48.26 centimetres) 

0 to 9,000 psi and 0 to 3,000 gallons/minute (0 to 620.528 bar and 0 to 1 1356.24 
litres/minute) 

1 ,200 to 8,500 psi (82.737 to 586.054 bar) 

40 to 1250 gallons/minute (151.416 to 4,731.765 litres/minute) 

50 to 20,000 psi (3.447 to 137.95 bar) 

3 to 15.5 inches and 3.5 to 16 inches (7.62 to 39.37 and 8.89 to 40.64 centimetres) 
0 to 3,000 gallons/minute (0 to 1 1 356.24 litres/minute) 

1200 to 8500 psi and 40 to 1250 gallons/min (82.737 to 586.054 bar to 1 51 .42 to 473 1.76 
litres/minute) 

1200 to 8500 psi (82.737 to 586.054 bar) 
500 to 10,000 psi (34.47 to 689.48 bar) 

3/8 to 1 54 inches and 3 to 16 inches (.9525 to 3.8 1 and 8.89 to 40.64 centimetres) 
0.625 to 0.75 inches and 3 to 19 inches (1 .5875 to 1 .905 and 7.62 to 48.26 centimetres) 
5,000 to 20,000 psi (344.737 to 1,378.951 bar) 
0.125 to 1.5 inches (.3175 to 3.81 centimetres) 
0.25 to 1.0 inches (.635 to 2.54 centimetres) 
240 to 480 inches (609.6 to 1219.2 centimetres) 
0.05 to 0.75 inches (.127 to 1.905 centimetres) 
0.1 to 0.5 inches (.254 to .127 centimetres) 

0 to 500 gallons/minute and 0 to 9,000 psi (0 to 1 892.705 litres/minute and 0 to 620.528 
bar) 

0 to 5,000 psi (0 to 344.737 bar) 

0 to 9,000 psi and 0 to 500 gallons/minute (0 to 620.528 bar and 0 to 1 892.705 
litres/minute) 

500 to 5,000 psi and 0 to 500 gallons/minute (34.47 to 344.737 bar and 0 to 1892.705 
litres/minute) 

0.025 to 0.05 inches (.0635 to . 1 27 centimetres) 
0.005 to 0.01 inches (.0127 to .0254 centimetres) 
0.025 to 0.375 inches (.0635 to .9525 centimetres) 
0.025 to 0. 125 inches (.0635 to .3 1 75 centimetres) 
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3 to 28 inches (7.62 to 71.12 centimetres) 

0 to 4,500 psi, and 0 to 3,000 gallons/minute. (0 to 310.264 bar, and 0 to 1 1356.24 
litres/minute) 

0 to 4,500 psi, and 0 to 4,500 gallons/minute. (0 to 3 1 0.264 bar, and 0 to 1 7034.35 
5 litres/minute) 

0 to 3,500 psi, and 0 to 1 ,200 gallons/minute (0 to 24 1 .3 16 bar and 0 to 4542.49 
litres/minute) 

100 to 1,000 psi (6.8947 to 68.947 bar) 
10 to 45 feet (3.048 to 13.716 metres) 
10 0.0025 to 0.05 inches (.00635 to .127 centimetres) 
0.005 to 0. 1 25 inches (.0127 to .3 1 75 centimetres) 

0 to 3,500 psi and 0 to 1 ,200 gallons/minute. (0 to 241 .3 1 6 bar and 0 to 4542.49 
litres/minute) 

0 to 500 psi (0 to 34.47 bar) 

15 0 to 9,000 psi and 0 to 5,000 gallons/minute (0 to 620.528 bar and 0 to 1 8927.05 
. litres/minute) 

2 to 34 inches (5.08 to 86.36 centimetres) 
0.15 to 1.5 inches (.381 to 3.81 centimetres) 
2 to 34 inches. (5.08 to 86.36 centimetres) 
20 3 to 1 5.5 inches (7.62 to 39.37 centimetres) 
3.5 to 16 inches (8.89 to 40.64 centimetres) 
120 to 2400 inches (304.8 to 6096.00 centimetres) 
The Following are Registered Trade Marks; 
Super Seal (RTM) 
25 Halliburton Energy Services (RTM) 
Teflon (RTM) 
Lubriplate(RTM) 
Dril Quip (RTM), 
Cameron (RTM) 
30 Breda (RTM) 
Petroline (RTM) 
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CLAIMS 

I . An apparatus for expanding a tubular member, comprising: 
a support member including a fluid passage; 

a mandrel movably coupled to the support member including an expansion 
cone; 

at least one first pressure chamber defined by and positioned between the 
support member and mandrel fluidicly coupled to the first fluid passage; 
one or more releasable supports coupled to the support member adapted to 
support the tubular member; and 

at least one second pressure chamber coupled to the releasable supports and 
fluidicly coupled to the first fluid passage. 

2. An apparatus as claimed in claim 1 , wherein the fluid passage includes a throat 
passage having a reduced inner diameter. 

3. An apparatus as claimed in claim 1 or 2, wherein the mandrel includes one or 
more annular pistons. 

4. An apparatus as claimed in any one of the preceding claims, wherein the at 
least one first pressure chamber includes a plurality of first pressure chambers. 

5. An apparatus as claimed in claim 4, wherein the first pressure chambers are at 
least partially defined by annular pistons. 

6. An apparatus as claimed in any one of the preceding claims, wherein the 
releasable supports are positioned below the mandrel. 

7. An apparatus as claimed in any one of the preceding claims, wherein the 
releasable supports are positioned above the mandrel. 

8. An apparatus as claimed in any one of the preceding claims, wherein the 
releasable supports comprise hydraulic slips. 
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9. An apparatus as claimed in any one of claims 1 to 7, wherein the releasable 
supports comprise mechanical slips. 

10. An apparatus as claimed in any one of claims 1 to 7, wherein the releasable 
supports comprise drag blocks. 

11. An apparatus as claimed in any one of the preceding claims, wherein the 
. mandrel includes: 

one or more annular pistons; and 

an expansion cone coupled to the annular pistons. 

12. An apparatus as claimed in claim 1 1, wherein one or more of the annular 
pistons include an expansion cone. 

13. An apparatus as claimed in any one of the preceding claims, wherein the 
pressure chambers comprise annular pressure chambers. 

14. An apparatus as claimed in claim 1 , wherein at least one second pressure 
chamber includes a plurality of second pressure chambers. 

15. An apparatus as claimed in claim 14, wherein the second pressure chambers are 
at least partially defined by annular pistons. 
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